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Abstract: 

In this paper, the authors address the inspection of concrete structures using ground-penetrating radar 

(GPR) scanning technology. The main idea is focused on the inspection of a concrete structure for 

the purpose of detecting reinforcement or objects with a circular cross-section. The analysis includes 

both dry and wet concrete, as well as metallic and non-metallic objects with a circular cross-section. 

The practical part of the study contains real radargrams covering a reinforced concrete slab and a 

reinforced concrete bridge column. In addition to real radargrams, synthetic radargrams simulating 

various scenarios were also analyzed. The obtained results demonstrate the wide applicability and 

potential of ground-penetrating radar scanning technology in this specific field of civil engineering. 

Keywords: Concrete structure, scanning, reinforcement, detection, ground-penetrating radar 

(GPR) 

ПРИМЕНА ГЕОРАДАР ТЕХНОЛОГИЈЕ СКЕНИРАЊА КОД 

ИНСПЕКЦИЈЕ БЕТОНСКИХ КОНСТРУКЦИЈА 

Сажетак: 

У овом раду аутори се баве инспекцијом бетонских конструкција применом технологије 

скенирања георадаром. Основна идеја огледа се у инспекцији бетонске конструкције у циљу 

детекције арматуре или детекцији објеката кружног попречног пресека. Анализа укључује 

сув и влажан бетон као и метални и неметални објекат кружног попречног пресека. 

Практичан део рада садржи реалне радарграме који обухватају армирану бетонску плочу и 

армирани бетонски стуб мостовске конструкције. Поред реалних радарграма анализирани су 

и синтетички радарграми који симулирају различите сценарије. Добијени резултати показују 
широку примену и могућности технологије скенирања георадаром и у овој специфичној 

области грађевинарства. 

Кључне ријечи: бетонска конструкција, скенирање, арматура, детекција, георадар. 
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1. INTRODUCTION 

Inspection of concrete plays important role in maintenance and detection of changes in structures. 

Compared to invasive inspection methods that are more demanding and time consuming, non-
destructive methods, such as ground penetrating radar (GPR) are more suitable for application in 

field conditions [1]. Based on GPPR scanning results material properties can be estimated and 

suitable plan of remediation or other required works can be made if anomalies are detected. This 

provides safe and reliable function of analysed structure and its lifetime is extended. When scanning 

concrete structures with GPR a particular attention should be given to boundary surfaces that cause 

the reflection of electromagnetic waves. This includes the boundary between compacted material 

and some anomaly, boundaries between good-quality and degraded concrete, surface between 

concrete and insulation materials, as well as the transition ones between dry and wet concrete. Also, 

strong reflection caused by metallic parts such as bolts and fasteners must not be neglected [2]. In 

practice sensors are often used to determine relative humidity of the concrete [3], [4], [5]. However, 

relative humidity is influenced by atmospheric conditions, which makes these sensors less reliable 
when estimating the efficiency of concrete hardening process. Therefore other approaches are used. 

One of them is to measure relative dielectric constant (relative permittivity) which represents the 

resistance that material has to propagation of electromagnetic waves.  In recent years relative 

dielectric constant of the concrete is more frequently used to assess the ratio between water and 

cement (w/c) in freshly made concrete [6], [7], as well as to estimate the water content in hardened 

concrete [8]. Table 1 contains typical values of relative dielectric constant of concrete components. 

Table 1. Relative dielectric constant values of concrete components [2] 

Materials Dielectric constant 

Limestone-dry 4-8 

Limestone-wet 6-15 

Sand-dry 3-6 

Sand-wet 10-15 

 

In this paper we analyse the radargrams obtained by GPR scanning of dry and wet concrete. The 

aim of the analysis is to estimate the differences when detecting rebar or cylindrical objects buried 

in concrete of various humidity levels. This analysis results show the applicability of GPR 
technology in concrete inspection and provides better interpretation of obtained results for the 

detection of rebar or other anomalies contained in analysed zone. 

1.1. GROUND PENETRATING RADAR (GPR) TECHNOLOGY 

Nowadays, GPR is one of the frequently used non-invasive detection methods [2]. The device itself 

is most instancees modular and is comprised of control unit, antenna and the cable connecting them. 

Also, other components can be added, such as incremental encoder, providing relative position, or 

GPS/GNSS receiver providing absolute position along the scanning path. The configuration of the 

device therefore can be optimized for specific application. During acquisition the transmitting 

antenna emits high-frequency EM waves and directs them into the object or the soil. When emitted 

signal reaches the surface of the concrete or the soil, one part of it reflects to receiving antenna while 

the other part continues propagating through the medium by refraction or dispersion. Once the 
reflected part of EM wave reaches the receiving antenna it is converted into digital signal and its 

amplitude values are written into the column of a matrix. Number of cells in a column (i.e. number 

of samples) is defined by the operator before the scanning and this column represents one reflected 

and received signal called A-scan (Fig. 1a). A number of subsequent columns represent basic 

scanning result called the B-scan or radargram (Fig. 1b). Essentially, B-scan is 2D matrix contain 

amplitudes of reflected EM wave from consequent positions along the scanning trajectory and from 

various depths. Also, a 3D model, consisted of several B-scans can be formed, with parallel or 

perpendicular scanning trajectories. Then it is possible to extract a horizontal cross-section at desired 

depth. This cross-section is called time-slice or C-scan (Fig. 1c). Like in the majority of analyses, 

inspection of concrete structures properties is based on the analysis of reflected EM waves forms. 
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a) b) c) 

Figure 1. A-scan (a), B-scan (b), and C-scan data (c) [9] 

2. GPR APPPLICATIONS IN CIVIL ENGINEERING 

Research in the field of GPR was intensive during last few decades and many improvements were 

made for applications in civil engineering. The usage of GPR in analysis and inspection of concrete 

structures is one of the leading non-destructive testing ways for obtaining information on inner 

structure. Widespread usage of GPR is primarily associated to two facts [10]: acquisition in the field 

is fast and efficient, with the results being available almost instantly, and the resolution of radargram 

can be at centimetre level, even higher, depending on the frequency range of GPR system. 

In the area of civil engineering GPR is applied in precise locating of rebar, inspection of highways 

[11], inspection of tunnels [12], [13], bridges [14], [15] and similar infrastructure objects. In road 

inspection GPR application is not limited to layer thickness estimation [16], [17], but to a smaller 

embedded objects, as well as the assessment of the state of entire construction of the driveway [18]. 

In terms of applications on buildings there are three main areas: 

a) Identification of hidden elements and structures in order to protect cultural heritage and to 

control the compliance to regulations. Also, GPR can be used in cultural heritages state 
assessment [19], [20], where frequent usage is to determine the boundary layers between 

old and new parts of objects, built in different epochs [21] (Fig. 2a). 

b) Mapping of damage and material degradation, where GPR is used as a support in decision 

making on maintenance measures. Here the most frequent use of GPR is in detection of 

rebar grid [22] (Fig. 2b). 

c) Construction damage assessment after natural disasters, such as floods, earthquakes and 

landslides [23]. In those situations GPR is a tool used to determine if affected objects are 

safe for future use [21], [24] (Fig. 2c). 

   

a) b) c) 

Figure 2. GPR application in cultural heritage protection (a) [25], rebar grid 

detection (b) [22], and landslide inspection (c) [26] 
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3. AQUISITION 

Radargram acquisition in field conditions is done on concrete pillar of bridge construction (Fig. 3) 

and in the underground pathway, as representative element of construction exposed to various 

mechanical and atmospheric influences. Both locations contain steel rebar of larger diameter and 

are concrete structures of high constructive and functional importance. In order to conduct more 

detailed inspection several parallel radargrams are collected along both axes, which provided more 

reliable spatial interpretation of registered reflections. Spacing between profiles is defined to provide 

adequate resolution of rebar detection and possible discontinuities in the concrete. Scanning is done 

using antenna with central frequency of 900MHz. Taking into account assumed depth and diameter 

of a rebar, equipment specifications are within required limits of detectability. Expected range of 

antenna is approximately 1.5m in dry and homogeneous concrete, while minimal diameter for 

detection is win the range of 1-2cm, which is adequate for standard steel rebar. Registered signals 
are characterized with hyperbolic reflections, typical for cylindrical objects, which enable the 

assessment of the position and depth of steel bars within the structure. 

 

Figure 3. Scanning location and GPR equipment (photography by author). 

Several synthetic radargrams are generated as well. It is done using open-source software gprMax 

[27]. This software provides generation of synthetic radargrams for complex scenarios. This further 

provides better estimation of radargrams before the field work, and for specific and complex 

scenarios. Many parameters can be set, such as simulation domain, material properties, soil layers, 

antenna models etc. As input data an *.in file has to be created, where all mentioned parameters 
have to be defined. In this study we assumed two values of relative dielectric constant (representing 

dry and wet concrete) and three different objects (steel rebar, metallic and non-metallic pipe). An 

example of created *in file is presented in Fig. 4. 

 

Figure 4. Input file for GPR scanning simulation in gprMax (created by author). 
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4. RESULTS 

4.1. SYNTHETIC RADARGRAMS 

The first scenario is represented with synthetic radargrams is steel bars in concrete. In both 

radargrams bars diameter is 10mm, separated by 20cm and at 30cm below the surface of the 

concrete. In first simulation (Fig. 5a) concrete is dry with relative dielectric constant εr=7, while in 

second simulation (Fig 5b) the concrete is wet with relative dielectric constant εr=14. Used signal is 

Ricker wavelet, with central frequency f=900MHz, and the distance between consecutive scans is 

1cm.In both radargrams the steel bars are clearly visible and distance between them is accurately 

represented. However, two differences can be noticed: bars appear to be at smaller depth in the first 

radargram, and reflections in second radargram are of higher intensity. To understand the first 

difference it has to be taken into account that the vertical axis represents the time, not the distance. 

Due to lower relative dielectric constant of dry concrete the propagation velocity of EM waves is 
higher and it takes less time for the wave to travel from transmitting antenna, to reflector, and then 

back to receiving antenna. Therefore, even though the bars appear to be at smaller depth in dry 

concrete, one has to take into account the concrete properties when estimating depth. Higher 

intensity of reflections in second radargram are not expected since the higher relative constant of the 

concrete is not only causing the lower propagation velocity but higher attenuation as well. However, 

the reflection amplitude, i.e. visible intensity of the reflection depends on the difference between 

two meeting materials rather than on dielectric constant of the concrete alone. Taking that into 

account it is clear why reflection intensity in second radargram is higher, and, in general, it shows 

that detection of metallic objects is easier in wet than in dry concrete, even though the maximum 

penetration depth of EM waves is lower. 

  

a) b) 

Figure 5. Synthetic radargrams of steel rebar in dry (a) and wet concrete 

(b)(created by author). 

The second scenario involves two pipes of the same diameter, one metallic and one non-metallic in 

concrete (Fig. 6). In both radargrams the diameter of the pipes is the same (mm) and they are at the 

same depth (30cm below the surface of the concrete). First pipe is metallic while the material of the 

second one is PVC and it is hollow (that is, filled with air or some other gas). As in the first scenario 

relative dielectric constants of the concrete are 7 and 14, respectively.  

Two differences, noticeable in first scenario, are visible here as well. Reflections appear at bigger 

depth and with increased intensity. The interpretation of these differences is the same as in first 

scenario. However, one more difference can be noticed here. Hyperbolic reflections appear to be 

wider in dry than in wet concrete which can suggest that pipes in Fig. 6a are of bigger diameter than 

the ones in Fig. 6b.  
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a) b) 

Figure 6. Synthetic radargrams of metallic and non-metallic cylindrical object in 

dry (a) and wet concrete (b) (created by author). 

This is also the consequence of lower relative dielectric constant of dry concrete ant thus higher 

propagation velocity. Reflected waves that arrive to receiving antenna at oblique angles take less 

time to reach the antenna in case of dry concrete and it results in wider hyperbolic shape. This 

difference is present in radargrams in Fig 5 as well, but due to smaller dimension of the reflectors 

and theirs hyperbolic reflection it is less noticeable. 

4.2. REAL RADARGRAMS 

Real radargrams created by scanning concrete pillar with steel rebar contain hyperbolic reflections 

at approximately 30cm of depth (Fig. 7). Spacing between bars is around 30cm. As in synthetic 

radargrams radargram created on dry concrete appears to have lower amplitudes than the one created 

on wet concrete. Also, in both radargrams the surface layer (up to 25cm deep) contains pixels with 
lower amplitudes, which suggests that water content is very low. Unlike in synthetic radargram, 

rebar appears to be at the same depth in both real radargrams. This is the consequence of vertical 

scale units. Here vertical axis represents distance (i.e. depth), while in synthetic radargrams it 

represented time. 

Hyperbolic reflections in these radargrams are much less noticeable than in synthetic radargrams. 

They also show less details and, even though they are made using the same central frequency 

(900MHz) images visibly appear to be in lower resolution. These are the consequence of real 

scanning conditions and technology limitations (noisy environment, real characteristics of 

equipment, minor imprecisions by the operator, etc.) that simply don’t exist when running simulation 

and generating idealistic, synthetic radargrams. However, as represented, still many information can 

be extracted from real radargrams: horizontal and vertical position of rebar, spacing between bars, 

estimation of water content in the concrete, etc. Using antenna of higher central frequency and 

refining the acquisition procedure can only improve obtained results and provide more accurate 

information. 

  

a) b) 

Figure 7. Real radargrams with rebar reflections in dry (a) and wet concrete (b) 

(created by author). 
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5. CONCLUSION 

In this paper an analysis of GPR technology application for concrete structures inspection was 

conducted, with emphasis on capabilities for rebar grid detection and the assessment of influence of 

moisture content to the quality of obtained results. As the case study, a concrete pillar of a bridge is 

analysed. Also, several synthetic radargrams are generated in order to compare expected and 

obtained results and to provide more accurate interpretation. Combining real and numerically 

simulated data provided more reliable recognition of hyperbolic reflection that indicate the presence 

of rebar in the concrete. Analysis results confirm that 900MHz antenna usage can be successfully 

used to detect rebar, as well as other anomalies in concrete structures, achieving satisfying 

compromise between penetration depth of EM waves and resolution. Also, the analysis of moisture 

content indicated that GPR technology can be successfully used to assess the moisture distribution 

within the concrete structures. Although there are noticeable differences between real and synthetic 
radargrams, this analysis shows that GPR can be considered as an efficient, quick and reliable non-

destructive method for inspection of concrete structures, especially in the area of state assessment 

and remediation planning. 
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