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ABSTRACT 

Ground Penetrating Radar (GPR) is a commonly used investigation technique for examining 

the structure and potential structural faults in bridgedecks.  In order to detect delamination at 

an early stage, it is useful to deploy a very high frequency GPR.  Although this limits the 

depth of penetration, since the upper asphaltic layers tend to be thin, the finer target 

resolution is very useful.   

 

Simulations and the practical results of commercial GPR surveys are used to illustrate the 

detection of delamination within the first 200mm of surface using a 4GHz antenna.  Potential 

problems such as the limitations of frequency and the use of materials unsuited to GPR are 

briefly discussed. 

 

It can be useful to carry out this type of survey at speed although this requires the antenna to 

be lifted off the bridgedeck surface.  In theory horn antennas are more efficient than other 

types of antenna for this mode of operation as they should not require ground coupling.  The 

effect of increasing antenna height above the surface is described and illustrated with 

reference to a 4GHz horn antenna used to detect the position and depth of bridgedeck 

reinforcement.  The conclusions reached are that good ground coupling is essential for 

optimum detection unless a very high frequency horn antenna is used; that it is important to 

select the right frequency for the task; and that very high frequency antennas are useful for 

examining delamination in the wearing course, allowing such surveys to be completed at 

traffic speeds. 

 

INTRODUCTION

GPR is commonly used for investigation of bridge structures both in the UK and elsewhere.  

In the past the commonly used frequency of antenna was 1.5GHz, more recently higher 

frequencies (typically from 2GHz to 6GHz) have become available.  The shorter wavelength 

of these antennas allows greater accuracy in the detection of the position of reinforcement 

bars (rebars), tendons and earlier detection of delamination.  This makes them ideal for 

investigating bridgedeck construction.    

 

Modern bridges in the UK are usually constructed from reinforced concrete with a layer of 

asphalt on top as the wearing layer.  A common problem is delamination of the asphalt.  

When vertical cracks develop at the surface they spread downwards.  Rain will then fill this 
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small void with water.  This in itself spreads delamination across the structure, typically at 

any internal interface.  Once winter comes, frost will cause the water to expand, spreading the 

delamination and ultimately causing the asphalt to lift off.  As water permeates the concrete, 

the rebars will corrode and cause cracking of the surrounding concrete, weakening the whole 

bridge structure.  It is therefore important to detect delamination at an early stage & also to be 

able to identify and locate the rebars. 
 
The object of this paper is to show the importance of using the right frequency and type of 

antenna as well as defining the position of the antennas during survey, in order to be able to 

detect the delamination, its content and the rebars.  Modelling is first used to demonstrate the 

different results from a range of antenna frequencies both with respect to rebar definition and 

the detection of delamination.  The results are then compared with data from commercial 

surveys to illustrate the practical performance derived from the optimal modelled results. 

 

CONSTRUCTION OF THE MODEL

The model was designed to simulate the delamination of a wearing course layer of asphalt, 
40mm thick with two rebars at a depth of 150mm below the bridgedeck surface, each rebar 
being of 6mm diameter.  The wearing course thickness reflects typical bridgedeck build.  
Two areas of delamination were defined, the first being an air filled gap and the second water 
filled.  The aim of the model was threefold: 

 firstly to compare the GPR results for three frequencies of antenna (900MHz, 
1.5GHz and 3GHz) in order to define an optimal frequency; 

 secondly to compare the results, by frequency with the position of the antenna 
(on/off the ground); and 

 to identify the differences between air-filled and water-filled cracking.  

The difference in dielectric between concrete and asphalt was not taken into account as this is 
minimal & should not therefore impact on the factors under examination, the relative values 
being 6 (asphalt) and 9 (concrete) (Daniels, 2004).  GprMax 2D was used for modelling 
(Giannopoulos 2005). 

 
For a single interface the reflection coefficient, A, depends on the dielectric constants, Er, of 

the materials on either side of the interface. With asphalt/air (A1) or asphalt/water (A2), the 

reflection coefficient is approximately of the same amplitude but of opposite polarity as can 

be seen from applying the following equation.   

 

A = (√Er1-√Er2) /  (√Er1+√Er2) (Daniels, 2004) 

Therefore, 

A1 = (3-1) / (3+1) = 0.5  and 

A2= (3-9) / (3+9) = -0.5. 
 

The simulations were carried out using ricker shaped pulses at the three frequencies, 3GHz, 

1.5GHz and 900MHz. For each set of frequencies, the simulation was carried out with the 

antennas ground coupled and then with the antennas 100mm above the surface.  The 

simulated readings were every 2cm and the timesweep (two way travel time) was set at 4.4ns.     
 
The data was output from GPRMax into Matlab and then plotted in standard greyscale format 
using ReflexW software (Sandmeier).  No processing has been applied to the model results as 



this was unnecessary.  The ReflexW software was also the package used for processing the 
data derived from the commercial bridgedeck surveys.  
 
SIMULATION RESULTS 

The results of the six simulations are shown in Figures 1 to 6.  There are a number of features 

common to all of the data.  Firstly the water filled delamination shows a stronger signal 

return than the air filled gap.  Secondly the results for the ground coupled antennas are clearer 

than those for the antennas suspended above ground.   

 

 

 

 

 

 

There are also significant differences in the data.  When ground-coupled both the 1.5GHz and 

the 3GHz antennas locate all of the targets.  It is noticeable, however, that the 3GHz detection 

is clearer and the positioning more precise (Figures 1 and 3).  This is as expected, given that 

GPRs measure in wavelengths and the higher the frequency, the shorter the wavelength and 

therefore the more accurate the measurement.  Once the ground coupling is lost, the quality 

of detection deteriorates markedly (Figures 2 and 4).  The data quality, however, is also 

obviously frequency dependent.  All of the targets are visible in the 3GHz data whether this 

antenna is ground coupled or not (Figures 1 and 2).  The air gap is not visible in the 1.5GHz 

data when the antenna is not ground coupled.  

Figure 2: Simulation results for the 3GHz antenna when 
suspended 100mm above ground showing the air gap (lhs), 
the water gap (rhs) and the rebars below. 

Figure 1: Simulation results for the 3GHz antenna 
when ground coupled showing the air gap (lhs), 
the water gap (rhs) and the rebars below. 

 

Figure 3: Simulation results for the 1.5GHz antenna 
when ground coupled showing the air gap (lhs), the 
water gap (rhs) and the rebars below. 

Figure 4: simulation results for the 1.5GHz antenna when 
suspended 100mm above ground showing the air gap 
(lhs), the water gap (rhs) and the rebars below. 



The conclusion from this part of the modelling is therefore that ground coupled antennas 

perform better but that, if the survey is to be done at speed, for example, from a vehicle, a 

frequency of 3GHz or above is preferable.   

 

The 900MHz data, by contrast, is very limited in content.  Even when ground coupled the air 

gap is not visible and when the antenna is suspended above ground, almost all of the targets 

disappear.  It is therefore reasonable to conclude that the 900MHz frequency is too low to be 

useful for this level of detection.  This is consistent with current bridgedeck survey practice. 

 

In terms of detecting whether the delamination contains water or air, the difference in polarity 

(black then white for the air, white/black for water) is visible in the 3GHz data (Figures 1 and 

2) but only in the ground coupled data for the 1.5GHz antenna (Figures 3 and 4).   

 

 

 

 

 

 

 

 

 
 

BRIDGEDECK SURVEYS 

Many of the bridges crossing the UK motorway network belong to the UK Highways 
Agency.  Where these bridges carry local (non-trunk) roads, the surfacing belongs to the local 
authority.  It is their responsibility, as an important part of managing the maintenance strategy 
of the structure, to establish the thickness of the surfacing materials, the condition of the bond 
between the surfacing and the bridgedeck and the condition of the structure beneath.  Being 
able to carry out these assessments by using a non-destructive method of testing saves both 
time and money.  GPR data acquisition is fast, can be conducted without the need for traffic 
management where a high speed system with vehicle mounted antennas is used and can 
provide a cost effective solution to the bridge engineer’s requirements. 
 
BRIDGEDECK SURVEY DATA 

The following data examples were acquired on behalf of the UK Highways Agency’s 
contractors, from concrete bridge structures across the M5 motorway in Devon (Area 2) and 
the M6 motorway in Cumbria (Area 13).  In the former case, the data were acquired by 
mounting the GPR antennas on a survey vehicle and surveying at traffic speed.  For these 
investigations the antennas could not be ground coupled because of the risk of damage when 
travelling at speed.  In the latter case, the surveys were done on foot at a fast walking pace 
using a trolley mounted system and the antennas remained ground coupled.  
 

Figure 5: Simulation results for the 900MHz antenna 
when ground coupled showing the water gap (rhs) 
and the rebars below.  The air gap is not visible. 

Figure 6: Simulation results for the 3GHz antenna 
when suspended 100mm above ground showing a 
faint trace of the water gap but no other features. 



Readings were taken at 10mm intervals along the line of travel of the radar, controlled by a 
hub-mounted shaft encoder in the case of the vehicle and an encoder attached to the trolley 
for the survey on foot.  GPS data were not recorded although simultaneous recording of GPR 
and GPS data was an available option.  GPR profiles were positioned along the middle, 
nearside and offside wheel-tracks of each lane of the carriageway across each bridgedeck.  
The equipment used in all cases was Utsi Electronics’ multi-channel Groundvue 3 with 
1.5GHz and 4GHz antennas. 
 
Once the surveys were complete, data analysis was undertaking using ReflexW software 
(Sandmeier).  The final results were then plotted in CAD and Microsoft Excel in order to 
produce plans which could be used directly by the bridge engineers without the need for them 
to understand GPR data.  The deck of a bridge in Area 2 is shown in Figure 7 with a sideview 
of the same bridge, also showing the pillar supports shown in Figure 8. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The comparative results of the 1.5GHz and 4GHz antennas are interesting in the light of the 

modelling exercise.  Figure 9 shows ground coupled data from a 1.5GHz antenna.  Although 

the asphalt to concrete interface is clearly visible at about 70mm in the 1.5GHz data and the 

rebars below are very clearly defined by signals with high amplitude, there is no hint of a 

wearing layer interface in this section.   

 

In the 4GHz data, however, the wearing layer is clearly detectable at depths varying from 10 

to 40mm even though the antennas were mounted on a vehicle and not ground coupled 

(Figures 10 and 12).  In some areas the signals returned by the wearing course have high 

Figure 7: A bridgedeck in Area 2 (above)  

Figure 8: Side View of the same Bridgedeck as Figure 7 and Pillars. 



amplitudes, indicating delamination.  This demonstrates the need for a very high frequency 

antenna in order to detect the relatively fine dimensions of the wearing course, regardless of 

whether the antenna is ground coupled or not.  Thin layers require short wavelengths 

implying the use of a high frequency antenna.  The simulations demonstrated the 

improvement in detection from using a 3GHz antenna as opposed to a 1.5GHz.  As a practical 

comparison, Figure 11 shows the definition of a newly laid wearing course surveyed using a 

6GHz antenna.  There is no reversal of polarity present, suggesting that all of the delaminated 

areas are filled with the same material, either air or water, but not both. 

 
 
 

 
 
 
In Figure 10, in addition to the wearing course, the areas of delamination and asphalt/concrete 
interface, the extra reinforcement at the top of one of the pillars is also visible at the centre of 
the plot, below these overlying features.  The hyperbolas are relatively faint due to the 
amount of signal returned by the layers above.   
 
 
 

Figure 9: Section of Bridgedeck survey: Data from a ground coupled 1.5GHz 
antenna showing the asphalt/concrete interface and the rebars below. 

Figure 10: Section of Bridgedeck survey: Data from a non-ground coupled 4GHz antenna 
showing both the wearing course, the interface between the asphalt and the concrete and the 

extra reinforcement at the pillar position (between 27m and 31m). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

One of the advantages of using such a high frequency antenna is the degree of definition 
which can be achieved, albeit within a relatively restricted depth.  Figure 12 is the 4GHz data 
from the beginning of one bridge, showing the multilayering of the asphalt, the interface with 
the concrete and the rebar geometry. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This is not to say that some features cannot be detected by using slightly lower frequencies, 
particularly where greater depth penetration is required.  Figure 13 illustrates bridge tendon 
location using a 1.5GHz antenna.  Pin pointing the tendon allows investigation using a small 

Figure 11: Newly laid wearing course as revealed by GPR 6GHz survey data. 

Figure 12: Bridgedeck Survey: 4GHz data from the start of a bridge showing multiple layering in the asphalt and the 
location of the underlying rebars. 

Figure 13: 1.5GHz survey data illustrating 
tendon location using GPR. 

Figure 14: 1.5GHz survey data illustrating a 
GPR profile across one of 24 beams. 



diameter drill and an endoscope in place of the more costly method of breaking out a large 
section of concrete.   Figure 14 is a GPR profile across the bridge over one of 24 beams.  The 
beam is highlighted in yellow and the voids either side beneath the filler sections are also 
visible.   Above the beam a top layer of rebar is clearly visible and underneath two grouted 
tendon ducts. Beneath that is one much larger tendon duct which holds the whole structure 
together. 
 
Modern concrete bridges with asphaltic overlay are ideally suited to investigation by GPR.  It 
is important to remember in bridge design and, more importantly, repair and refurbishment, 
that not all materials lend themselves to investigation by GPR.  Typically, GPR cannot 
function effectively in highly ionised material where the signal, instead of being reflected 
back to the antenna, is dissipated as a weak electric current.  Materials to be avoided include 
blast-furnace slag (unfortunately sometimes used in repair of historic masonry structures) and 
structures utilising [Blue] Engineering Bricks.   
 

CONCLUSIONS 

GPR is an extremely efficient method of investigating bridgedeck, particularly useful in 

modern concrete structures with asphalt overlay.  However, the selection of frequency and 

the position of the antenna are critical for accurate investigation.  As shown by both 

modelling and practice, high frequency antennas are good detectors of reinforcement and 

internal structures such as beams and tendons.   

For accurate determination of the wearing course, very high frequency antennas i.e. greater 

than 3GHz, are very efficient at detecting delamination, even when not ground coupled.  This 

is extremely useful because it allows bridgedeck surveys to be carried out at high speed, 

saving time and money in the process.  The wearing course is not always visible to lower 

frequency antennas, particularly if they are not ground coupled. 
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