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Abstract
The inspection of reinforced and pre-stressed concrete bridges is a critical task and 
fundamental element continuing overall safety. Since the service life of those structures is 
mainly dependent on the normal age-related degradation and integrity loss of the embedded 
metallic reinforcement bars and tendon ducts, a detailed knowledge of the internal structural 
state of is essential for the prevention of further damage and the improved planning of 
maintenance and rehabilitation. Smart methods for assessing the structural integrity of such 
concrete bridges are therefore essential to ensure the safety of the structure, as well as to 
reduce the huge manufacturing costs and out of service time of the structure due to 
maintenance. Ground Penetrating Radar (GPR) is a well-established and among the leading 
diagnostic technologies in the field of NDT&E especially prepared for these purposes. In the 
last few decays, GPR has evolved as a powerful tool for the non destructive investigation of 
concrete bridges, as it is one of the fastest and most cost-effective non invasive methods, 
available to provide efficient information about the true position and condition of embedded 
reinforcement bars and tendons ducts. The present research work evaluates the potential of 
GPR for the inspection of pre-stressed concrete bridges and its usefulness to provide non 
visible information of the interior structural condition required for strengthening and 
rehabilitation purposes. For that purpose, different concrete blocks with embedded steel 
reinforcement bars and plastic ducts were investigated by means of GPR in order to  locate 
the internal structural elements and verify the original drawings. A 3D survey was also 
performed with the aim to produce a 3D map of the interior concrete structure. The results 
obtained showed the effectiveness and reliability of GPR technique for concrete bridge 
investigations.

Keywords: Ground Penetrating Radar, non destructive inspection, tendon duct and rebar 
location, 3D map

1. Introduction 

Pre-stressed concrete bridges represent well over 50% of all bridges built worldwide. 
This increase has resulted from advancements in design and analysis procedures as 
well as the entrance of new promising materials for such types of constructions. 
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However the life of the main concrete structure is still dependant on the normal age-
related degradation and integrity loss of the internal steel reinforcement bars and 
tendons. Tendons are vital for the stability of the structure and may be pre-stressed 
in sections, or, for large structural beams, post-tensioned after construction. Post- 
tensioned tendons run through plastic or metallic ducts in the concrete and are 
tensioned after the concrete hardened. The hollow space within the duct is then filled 
with grouting to ensure the transmission of forces between tendon and concrete.

For pre-stressed concrete bridges the investigation of steel reinforcement bars and 
tendon ducts is one of the most essential test problems. During the construction and 
service life time of these concrete structures, many deficiencies may occur due to an 
incorrect application or changes of the internal structural elements position with 
respect to the original design plans, affecting seriously the performance of the whole 
structure. Frequently, areas with very poorly vibrated concrete, insufficiently grouted 
tendon ducts and incorrectly positioned reinforcement bars appear. Moreover, during 
rehabilitation processes, designers are often faced with a lack of original design 
plans and unawareness of the real position of re-bars and tendon ducts. Thus, 
a detailed knowledge of the internal structural state of concrete bridges is essential 
for the prevention of further damage and the improved planning of maintenance and 
rehabilitation. The localization of the ordinary reinforcement bars and tendon ducts is 
a fundamental element for efficient structural assessment and strengthening design, 
continuing overall safety of the bridge. 

Ground Penetrating Radar (GPR) is one of the leading technologies in the field of 
NDT&E especially prepared for the above mentioned purposes. It is one of the 
fastest, most cost-effective and highest resolution investigation methods available to 
render any subsurface imaging, providing thus an efficient means for concrete 
structures evaluation studies [1].  Non destructive testing, quasi - continuous results 
and efficient data acquisition are the main advantages of GPR systems when 
compared to traditional methods, prescribing them as powerful tools for large 
concrete structures inspection such as bridges, bridge decks and road pavements 
[2]. Using a mobile GPR system to inspect such traffic-related structures permits 
a high rate of data acquisition with minimized traffic flow obstruction, as well. 

Nowadays, GPR systems are increasingly being used as a diagnostic and quality 
assurance tool for the non destructive inspection and condition assessment of pre-
stressed concrete bridges. Important applications concern the localization of internal 
metallic reinforcement bars and tendon ducts, the determination of the concrete 
cover of rebar and internal tendon ducts as well as the assessment of the pavement 
layer thickness [3-6]. The use of this tool has also been validated by numerous 
authors for the investigation of grouting condition inside plastic ducts [7], as well as 
for locating deterioration and defects detection within concrete structures [8].

The present research work evaluates the potential of GPR for the inspection of 
reinforced and pre-stressed concrete bridges, and its usefulness to provide non 
visible information of the interior structural condition required for strengthening and 
rehabilitation processes. For this purpose, different concrete specimens with 
embedded steel reinforcement bars and plastic ducts were investigated by means of 
GPR in laboratory environment, with the aim to localize the internal structural fittings   
and verify the original design drawings. A 3D survey was also performed in order to 
reveal a detailed insight of the interior concrete structure.
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2. Experimental 
Samples Description
For the present study, two concrete samples named as Sample 1 and Sample 2 were 
tested in laboratory environment by means of the GPR technique. The details of the 
samples are described below.

Sample 1, presented in Figure 1, has a length of 1.12 m, a width of 0.2 m and 
a thickness of 0.2 m. Totally 6 plastic ducts are embedded in its structure at equal 
distances (20 cm) and at a constant depth (9.2 cm), as illustrated in the original 
drawing of Sample 1 (Fig. 2).

Fig.1 General view of Sample 1 

Fig.2 Drawing of Sample 1

Sample 2, that is presented in Figure 3, has a length of 1.5 m, a width of 0.5 m and 
a thickness of 0.3 m. Steel reinforcement bars tightened in the form of a cage are 
embedded in its structure. The reinforcement consists of 4 deformed longitudinal 
bars 16 mm diameter and 10 deformed transverse bars (closed stirrups) 8 mm 
diameter. According to the original drawing of Sample 2 that is demonstrated in 
Figure 4, the top layer of the rebar is placed at a constant depth of 3.5 cm. The 
distance between the longitudinal bars, as well as between the stirrups, is not 
constant but varying.
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Fig.3 General view of
Sample 2

Fig.4 Drawing of Sample 2

GPR equipment and data acquisition
For the radar measurements a GSSI TerraSIRch SIR System-3000 with a 1.6 GHz 
high frequency antenna in reflection mode was used. GPR survey was carried out on 
Sample 1 along a single line in the x-direction, as indicated in Figure 1, in order to 
locate the internal plastic ducts. As regards Sample 2, GPR measurements were 
performed along a single line in the x- direction and along two single parallel lines in 
the y- direction (see Fig. 3), in order to locate the transverse and longitudinal bars, 
correspondingly. Such approach is important in order to locate tendon ducts at 
depths down to 50 cm, detecting voids and detachments, and measuring thickness of 
structures that are only accessible from one side [9]. A 3D survey was also carried 
out on Sample 2 in order to provide a detailed picture from the interior concrete 
structure. For the acquisition of 3D data, measurements were performed in a grid 
format both along parallel horizontal (x) and vertical (y) lines on the area marked in 
Figure 5. The distance between consecutive survey lines was set to 5 cm, which 
allowed sufficiently accurate data to be obtained for 3D subsequent processing. 2D 
data were collected along 7 horizontal lines parallel to x-axis and 11 vertical lines 
parallel to y-axis and interpolated in order to produce a 3D map of the interior 
concrete structure. 

Fig. 5 3D survey area of Sample 2 in a grid format
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During the GPR testing the essential set up parameters for concrete structures 
investigations were defined and are summarized in Table 1. The GPR data acquired 
were processed using the RADAN 7 software of GSSI. 

Table 1: Set up parameters for GPR survey with 1.6 GHz Antenna 
Dielectric Constant (ε) of concrete 6.25 
Samples/ scan 512 
Resolution, bits 16 
Range, ns 12 ns 
Rate (scans/s) 4 
Number of gain points (dB) 5 
Vertical High Pass Filter, MHz 75 
Vertical Low Pass Filter, MHz 700 
Transmit Rate, KHz 100 

3. GPR results and interpretation 
In Figure 6, the acquired 2D radargram of Sample 1 after data processing is 
presented. The horizontal axis corresponds to the length in the x-direction, and the 
vertical axis is the two-way travel- time scale (ns), that has been transformed into 
a depth scale using an estimated dielectric constant for concrete of 6.25 (see Table 
1). The surface reflection has been corrected to time/ depth zero, which is an 
essential step during data processing. A corrected 0-pisition sets the top of the scan 
to a close approximation of the under inspection object surface, in order to provide 
a more accurate depth calculation of the embedded targets.

Fig.6 2D Radargram of Sample 1 revealing the position of the embedded plastic ducts 
perpendicular to the acquisition direction. 

The hyperbolic reflections detected in the radargram of Sample 1, which are marked 
with vertical arrows, are interpreted as the embedded plastic ducts that are orientated 
perpendicularly to the survey line. The hyperbolas depict the true position and depth 
of the targets. From the radar profile it is observed that the plastic ducts are placed at 
a depth of 9.1 cm and the distance between them is constant around 20 cm, 

Concrete bottom 
of Sample 1 
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matching the original drawing of Sample 1 (see Fig. 2). The radargram presented 
in Figure 7a represents a 2D data set after processing acquired along a survey line 
in the x- direction of Sample 2. The hyperbolic reflections detected reveal the location 
of the top layer of the 10 closed stirrups (8 mm diameter) that are running 
perpendicularly to the investigation axis. Figure 7b provides a radar profile after 
processing acquired along a line in the y-direction of Sample 2. Reflections from the 
4 top deformed longitudinal bars (16 mm diameter) perpendicular to the y-direction of 
data acquisition are clearly visible. It must be noted that the bottom rebars were not 
detected due to overlapping reflections.

a b

Fig.7 2D Radargrams of Sample 2 acquired along a survey line: (a) in the x-direction 
revealing the position of the embedded transverse stirrups (secondary reinforcement), and 
(b) in the y-direction revealing the position of the embedded longitudinal bars (primary 
reinforcement).

From the acquired radargrams it is observed that the distance between the 
secondary reinforcements (Fig. 7a), as well as the distance between the primary 
reinforcements (Fig. 7b), is varying and not constant, matching the original positions 
indicated at the design drawing of Sample 2 (see Fig.4). The middle of the white part 
of the hyperbolas is interpreted as the top layer of the metal targets. The radar 
profiles reveal that the depth of the rebars is not constant at 3.5 cm, especially 
illustrated in the case of the 4 longitudinal bars (Fig. 7b), but varies from 2.5 to 5 cm, 
which is not in accordance with the original drawing of the specimen. This might be 
due an incorrect application of the internal structural elements during the construction 
of the concrete block, or due to a possible shifting of the internal rebars with respect 
to the original design location.

3D display of radar data
The 2D data acquired along horizontal and vertical profile lines on the grid of Sample 
2 (Fig. 5), were processed separately with a two-dimensional processing sequence. 
Migration is a necessary processing step applied after time zero correction in order to 
achieve a quality 3D display. Migration is a technique that moves dipping reflectors to 
their true subsurface positions and collapses hyperbolic diffractions into dots 
representing the actual targets. Figure 8 demonstrates the same radar profile of 
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Sample 2 from a single survey line in the x-direction, shown in Figure 7a, after 
migration.

Fig.8 Migrated GPR data from a single profile line in the x-direction of Sample 2

The processed radar profiles of the grid were interpolated in order to produce a 3D 
map of the interior concrete structure. The 3 dimensional displays are presented as 
block views of GPR traces recorded on different positions on the surface. A 3D data 
cube was created, which is presented in Figure 9, enabling the presentation of depth 
slices (plain parallel to the surface at a distinct time interval). Slicing through the 3D 
image, position information of the embedded targets can be directly obtained from 
the screen. In Fig. 9 a slice at a depth of 3.9 cm (z-axis) is indicated, where the 
horizontal and vertical lines represent the top steel reinforcement layer (see 
indicative arrows). Corresponding 2D location with 3D location shows the exacts 
position and depth of the targets.

Fig.9 3D data cube of Sample 2 grid area revealing the interior concrete structure.

4. Conclusions  
GPR is a cost-efficient, prompt and reliable non destructive tool in the investigation of 
concrete structures, and particularly in reinforced and pre-stressed concrete bridges. 
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The present paper focused on the application of GPR for the inspection of different 
concrete blocks with embedded steel reinforcement bars and plastic ducts. The state 
of the art GPR system with a high-frequency antenna that was used in this work, 
provided the accurate depth and position of the top rebars and plastic ducts, which is 
a fundamental element for the safety of bridges, once accurately detected. No 
information about deeper layers of rebar was obtained due to structural complexity. 
Furthermore, the 3D survey provided a detailed insight into the concrete structure. 
The results obtained showed the effectiveness and reliability of GPR technique for 
concrete bridge investigation, and its usefulness to provide non visible information of 
the interior structural condition required for strengthening and rehabilitation purposes.
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