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Abstract 

The paper aims to determine bridge pavement thickness accuracy by using ground penetrating radar (GPR)  
and to identify potentially risky spots, where a crack may occur due to the effect of variable thickness  
and insufficient connection of layers. 
The measurements were performed in the vicinity of patches in asphalt layers, which had been accurately 
measured before they were filled. The use of auto calibrating methods for the determination of electromagnetic 
(EM) signal propagation velocity through pavement, which needs no cores, was tested. 
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1.  Introduction 
 
GPR has already had a certain tradition in diagnostics of civil engineering structures. It can be 
used for a one-off diagnostics of a structure condition as well as for a comparison  
of development for a certain time period. GPR is not usually used as an acceptance test, but 
rather as for identifying weak and damaged spots of structures, which occur during the use  
of such structures.  It is often combined with different methods. Some applications are already 
standard procedures in practice; some are in the process of verification within research 
projects. 
 
Speed of measurement is a significant aspect of GPR diagnostics. Regarding line structures, 
the measurements are usually carried out in longitudinal direction under high speeds, so that 
road traffic could not be affected. In these cases, the measurements are performed with the use 
of one or more horn antennas, or even by an antenna array. Some applications require local 
measurements, which are usually performed by one or more dipole antennas. 
 
2.  Current knowledge 
 
The only technical specification in the Czech Republic which deals with the diagnostics  
of roads by GPR is TP 233 [1]. It generally describes the possible use of GPR for diagnostics 
of road structures. The only application where the measurement accuracy is stated is  
the determination of position of dowels and tie bars in concrete pavements, which reads that 
in case a calibration is performed, accuracy of the depth of these elements positions is  
up to 1.0 cm. A complementation of TP 207 [2] by chapter: “Experiment of accuracy  
of devices measuring road pavement layer thicknesses” is under discussion. This chapter 
describes the method to perform a comparison measurement of GPR devices. The experiment 
of accuracy in accordance with this recommendation has not been performed yet. 
 
There is a large number of articles and research reports concerning this issue abroad. Only 
selected ones and the most recent ones are mentioned below. American reports  
of the programme SHRP 2 [3-5], and the results of a European project Maranord [6-8] are  
the most complex ones. 
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One of the first applications of GPR in road engineering related to the issue of the presented 
paper was a continual determination of thicknesses of pavement layers [9-11]. This 
application concerns the determination of surfacing, base and subbase layer thicknesses. 
 
Regarding the GPR diagnostics of bridge structures, the measurements are usually performed 
only once problems occur during a visual or other inspection. The diagnostics is mostly 
related to the conditions of bridge deck, pavement layer thicknesses, connection to bridge 
deck, but also other application, such as [12]–[15]: 

− position of reinforcement in bridge deck (spacing), 

− concrete cover of reinforcement in bridge deck, 

− thickness of bridge deck, 

− position of pre-stressed or post-tensioned tendons or tendon ducts [16], 

− de-bonding and delamination of pavement layer, 

− bridge deck deterioration (cracks, caverns, etc.), 

− bridge girder diagnostics [17]. 
 
The research applications in the field of diagnostics of bridge structures are as follows: 

− diameter of reinforcement in-build in concrete [18], 

− condition of reinforcement in bridge deck (e.g. corrosion) [19], 

− evaluation of sealing course on bridge deck [20], 

− moisture content. 
 
3.  Measurement method 
 
In order to determine the velocity of EM signal propagation through individual pavement 
construction layers, at least one core is usually carried out. That is the way of the calibration 
of the determined layer thickness. Since neither cores nor reading of the thickness of surface 
course patching were available, CMP (Common Mid-Point Method) by two GPR antennas 
was used for the evaluation of the velocity of propagation. 
 
The measurement was performed during a closure of one lane on a motorway bridge. A GPR 
set (Fig. 1), containing dipole antennas with the central transmitting frequency of 1.6 and 2.6 
GHz of American company GSSI, was used for the measurement. This set is suitable for local 
measurements of thin pavement layer during road closures. 
 
The GPR measurement was performed in the vicinity to four patches, in the line  
of the monitored spots which were marked with yellow spray, see Fig 1. A detailed 
measurement was performed in six transversal and seven longitudinal lines on the place  
of one of the patches. On the place of other patching, one longitudinal and one transversal 
(three times for each line) measurement were performed. 46 GPR measurements were 
performed altogether and consequently 20 thicknesses of asphalt layers were determined  
on specific spots. 
 
In order to identify the lengths of individual rides more easily, steel wires were placed  
to the road surface which were to clearly identify the beginning and end of measurement  
in GPR records. In addition, manual marking by a hand marker was used. 
 



 
Figure 1. GPR set for local measurement, measured patch with control depth spots which were 

marked with yellow spray 
 
Layer thicknesses were calculated on the basis of the measured time of signal propagation 
through asphalt layers and the determined EM signal propagation velocity in asphalt layers. 
The propagation velocities were determined by an auto calibrating method CMP (Common 
Mid-Point) on these patches and in their vicinity. The calculated velocities are shown  
in Table 1. 
 

Table 1. Determined velocity of EM signal propagation and relative permittivity 

Layer EM signal propagation 

velocity 

[m/ns] 

Material relative permittivity 

Surface course  0.110 7.4 
Binder course 0.140 4.6 
Patching  0.145 4.3 

 
4.  Measurement results 
 
The results of all measurements were interpreted for every ride in the following form, see  
Fig. 2: 

− interpretation of GPR records (radargrams) for frequencies 1.6 and 2.6 GHz, 

− graphic evaluation of signal propagation time through asphalt layers,  

− graphic evaluation of layer thicknesses with marked monitored spots. 



 

 

 

Figure 2. Radargrams obtained from a ride over one patch by 1.6 and 2.6 GHz antennas (top); graphic 
evaluation of signal propagation time (middle) and layer thicknesses with marked really measured 

layer thicknesses -in red (bottom) 



Evaluation of asphalt layer thickness in the monitored spots is shown in Table 2. The values 
measured by 2.6 GHz antenna, which were considered as final, were selected as more 
accurate. The values measured by 1.6 GHz antenna were rather considered as of control 
nature.  
 

Table 2. Calculated thicknesses of asphalt layers 

Monitored spot 
Surface course thickness [m] Binder course thickness [m] 

freq. 1.6 GHz freq. 2.6 GHz freq. 1.6 GHz freq. 2.6 GHz 

18-1 0,036 0,040 0,084 0,080 

18-1 0,036 0,040 0,084 0,079 

18-2 0,041 0,043 0,090 0,085 

18-2 0,043 0,045 0,092 0,085 

18-3 0,037 0,040 0,088 0,085 

18-3 0,037 0,041 0,087 0,085 

18-4 0,040 0,043 0,084 0,081 

18-4 0,040 0,040 0,084 0,081 

19-1 0,052 0,053 0,106 0,104 

19-2 0,051 0,050 0,099 0,099 

19-3 0,048 0,052 0,105 0,104 

19-4 0,049 0,052 0,105 0,103 

20-1 0,033 0,037 0,101 0,104 

20-2 0,037 0,041 0,103 0,106 

20-3 0,040 0,041 0,110 0,109 

20-4 0,035 0,036 0,101 0,101 

21-1 0,052 0,053 0,116 0,116 

21-2 0,052 0,056 0,112 0,113 

21-3 0,053 0,057 0,116 0,116 

21-4 0,048 0,054 0,115 0,115 

 
5.  Comparison of surface course real thicknesses with the GPR results 
 
The comparison of results was performed after the asphalt layer thickness measurements  
by GPR had been processed. The real thicknesses of the surface course on patches were 
measured by the road administrator before filling the pothole space by asphalt mixture  
and were compared by the GPR measurement results. 

The comparison of real layer thicknesses on monitored spots and the results  
of non-destructive GPR measurement are shown in Table 3. 

The maximum deviation from the measured layer thickness by GPR at the spot No. 19-2 
(marked in bold in Table 3) is justified as follows. The surface course thickness is not 
constant on this spot. In addition, the direct pothole depth measurement before its repair was 
performed at the edge of a patching and the surface course thickness determination by GPR 
was performed approx. 10 cm from the patch edge (the measurement is distorted  
in the immediate vicinity of the patch edge due to a transition between two different 
environments), see Tab. 2. The surface course thickness close to the adjacent spot 19-1 is 
relatively constant, therefore, no measurement deviation was found there. 



 

Tab. 3 – Comparison of measured asphalt layer thicknesses  

Monitored spot 
Surface course thickness [m] 

Difference  

[m] Real thickness 
Thickness measured 

by GPR 2.6 GHz 

18-1 0,040 0,040  0,000 

18-1 0,040 0,040  0,000 

18-2 0,045 0,043 -0,002 

18-2 0,045 0,045  0,000 

18-3 0,040 0,040  0,000 

18-3 0,040 0,041 +0,001 

18-4 0,040 0,043 +0,003 

18-4 0,040 0,040  0,000 

19-1 0,050 0,053 +0,003 

19-2 0,040 0,050 +0,010 

19-3 0,050 0,052 +0,002 

19-4 0,050 0,052 +0,002 

20-1 0,040 0,037 -0,003 

20-2 0,040 0,041 +0,001 

20-3 0,040 0,041 +0,001 

20-4 0,030 0,036 +0,006 

21-1 0,050 0,053 +0,003 

21-2 0,050 0,056 +0,006 

21-3 0,050 0,057 +0,007 

21-4 0,050 0,054 +0,004 

 

After taking into account the above mentioned, the surface course thickness in potholes was 
measured by GPR with central transmitting frequency 2.6 GHz with the accuracy  
of +/- 3 mm, which accounts for approx. 6-7 % of the surface course thickness. 

 
6.  Conclusions 
 
Sufficient accuracy was reached at non-destructive measurement of surface course thickness. 
The measurement results by GPR antennas of two frequencies (1.6 and 2.6 GHz) were 
compared one to another for all monitored patches. The values measured by 2.6 GHz antenna 
were more accurate and thus were taken as final. 
 
In the cases when control cores are not available, the use of an auto calibration method CMP 
(Common Mid-Point) proved to be very beneficial. 
 
The surface course thickness in potholes was measured by GPR with central transmitting 
frequency 2.6 GHz with the accuracy of +/- 3 mm, which accounts for approx. 6-7 %  
of the surface course thickness.  
 



In the following steps of the solution, it is expected that a device will be produced  
with an automatic control of GPR receiver and transmitter position, which speeds  
up the measurement by a method CMP (or method WARR - Wide Angle Reflection and 
Reflection). 
 
The presented research results may be reflected in the existing as well as future technical 
specifications which are related to non-destructive diagnostics of civil engineering structures 
by GPR. 
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