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ABSTRACT: As a non-destructive testing (NDT) method, radar detecting technology 
has attracted attention of engineering gradually. This paper focuses on the engineering 
application basement of radar in concrete, the mixed heterogeneity structure which is 
composed with the aggregate, cement, steel, and pore hole. Firstly, it is summed up the 
methods and announcements of using radar in locating the prestressed steel 
reinforcement and judging the status of steel strand wire in corrugated pipe. Secondly, 
the discrimination rules on the radar image is summarized which provides a reliable 
basis for applying radar in steel reinforcement positioning. Using the achievements of 
this paper mentioned above, some real bridge practices have been carried on, which 
indicate that it is an accurate, effective, and convenient NDT method with radar to 
locate prestressed steel reinforcements and steel stranded wire. Without any doubt, this 
method will be applied to bridge detection in the actual project on a large scale.. 
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1 INTRODUCTION 

Prestressed box girder structure originated in Europe after World War II. This structure 
is very suitable for continuous box girder and other large span continuous rigid frame 
structure. After nearly 40 years of development, it has become one of the main bridge 
type of China's long-span bridges. Recently, it becomes the current research focus, how 
to provide a precise positioning and defect condition judgment for prestressed steel 
coarse thread and steel strand without prejudice to the state of the prestressed box 
girder. Bridge nondestructive testing has become a convenient detection means for the 
box girder bridge in use, Maierhofer C. (2003), . 

Research on locating prestressed steel and steel strand and judging defect condition with 
radar is being vigorously carried out. In 1985, the United States used linear FM pulse 
radar technology testing New York subway tunnels structure. It was found that radar 
could penetrate six to eight layers flooding saturated brick about 28 ~ 31 cm thick, 
detect the steel jacket of the original tunnel, and find the cavity in concrete floor. Since 
then, radar detection technology was introduced in the engineering construction field. In 
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the last century research on GPR (Ground Penetrating Radar) application in the 
engineering practice in China was taken up, and a lot of achievements has been obtained 
in recent years, Pérez-Gracia V, and García F, etc. (2008).  

The rest of this paper is organized as follows. Next section introduces the theory of GPR 
. Section 3 gives the foundation of engineering. Section 4 provides the technology of 
locating prestressed reinforcement with GPR. Section 5 explains method of detecting 
steel strand condition in plastic corrugated pipe with radar. Section 6 concludes the 
paper. 

2 OVERVIEW OF DETECTION THEORY 

Radar is composed with the controller, transmitting and receiving antennas, supporting 
software and so on. According to the transmission characteristics of the electromagnetic 
wave in lossy medium, when high-frequency pulse electromagnetic waves from 
transmitting antenna meet with underground uneven body (interface), part of the 
electromagnetic wave would be reflected, and reflection coefficient depends mainly on 
the underground medium dielectric constant. By receiving and processing that reflected 
wave timely, radar host can detect and recognize underground target objects, Li DX 
(1994). 

The detection depth of radar is concerned with the transmitted power of antenna, 
operating frequency, the electrical conductivity of the media and dynamic range of the 
instrument. The greater the transmitted power is or the bigger the dynamic range is, the 
deeper the instrument is able to detect. Moreover, power to the influence of increase 
detecting depth is logarithmic relationship, while dynamic range is a linear relationship 
with the probing depth. Detecting depth is a comprehensive effect of instrument 
characteristics and media properties. Software functions have important influence on 
detecting depth. Some software could effectively remove the interference and improve 
signal-to-noise ratio, so deeper abnormal signal can be effectively identified and 
probing depth is increased, as described as Hugenschmidt J. and Mastrangelo R. (2006) 
and Abudayyeha O, Yehiaa S, Abdel-Qaderb I and Zalta A. (2008). 

3 FOUNDATION OF ENGINEERING 

3.1 Basic characteristics of concrete box girder 

The thickness of concrete structure of box girder is within 40cm - 100cm at present, 
equipped with prestressed reinforced, prestressed steel strand and ordinary steel bar. 
The bellows are usually made with metal or nonmetal materials. Due to the shielding 
effect, the internal reinforced or steel strand status, grouting conditions of metallic 
bellows cannot be estimated by radar, but positioning can be realized. While the internal 
condition of nonmetal bellows could usually be detected and estimated by radar. It is 
difficult for radar to penetrate reinforced concrete and provide high resolution images. 
Because of the strong scattering mutual interference of steel and steel strand, high 
resolution detection requirements must be ensured for satisfactory detection results. 
Such as , the antenna frequency should be high enough in the range of 1.2~1.6 GHz. 
And it is helpful for location accuracy and on-site abnormal body mark that the antenna 
is equipped with acquisition wheel. The antenna frequency of 1.6GHz was adopted in 
this paper. 
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Concrete medium is complex inhomogeneous structure, which is composed with 
aggregate, cement, steel, and hollow to form the concrete mixing structure. The 
distribution position of concrete imperfect area, steel strand, hollow, and residue water 
could be distinguished by radar. Steel and steel strand, water is low-velocity medium on 
the electromagnetic wave. Air is the high-velocity medium, and condensed cement and 
aggregate middle-velocity medium. Therefore, based on the wave velocity all kinds of 
matters in concrete could be distinguished. 

When electromagnetic waves go into the concrete from the air, reflected wave polarity 
is reversed. Same with surface reflection polarity, reflection or scattering is also 
reversed when it meet with steel and cement. While reflections wouldn't reverse for 
meeting with hollow, the reflected wave polarity recorded is in contrast with the surface 
reflection wave. If the surface reflection wave polarity is used as analysis reference, 
those reflection wave polarity is same with surface is met with low-velocity medium, 
while those opposite polarity to surface is met with loose medium such as hollow. 

3.2 Technology of radar wave phase identification 

Radar detection goals are usually multiple interface structure. Radar wave spread to 
medium is called the Downside Wave, while those reflected back from the surface is 
called Upside Wave. Whenever Downside Wave meet with an interface, a reflection and 
refraction would happen. The content of the radar records is very rich, for there are so 
many reflection waves that goes up to the surface from different paths. However, not all 
reflection seismic phase can be identified in fact, that recognized mainly is a reflection 
wave phase of each interface.  

Regardless of medium loss, radar records schedule of multilayer reflection structure 
could be expressed by Equation (1). 
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Its amplitude is the product of path medium loss, down refractive index, up refractive 
index, the reflection coefficient of turn-back layer and geometric attenuation, as shown 
in Equation (2). 
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represents corresponding phase of reflected wave, j

ix ΓΠ  represents the continually 

multiply by downside refractive index, k
isΓΠ  represents the continually multiply by 

upside refractive index. 

For radar detection results, processing and interpretation to radar records is a must, 
which is a comprehensive analysis combining theory with practice, and solid theoretical 
foundation and rich practical experience is necessary. The interpretation of radar records 
are also called Wave phase identification or wave phase analysis 
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3.2.1 Discriminating amplitude and directional characteristics of reflection wave 

The larger differences in the electromagnetism properties between the media on both 
sides of the interface are, the stronger the reflection wave is. From both sides reflective 
amplitude the nature of the medium could be determined. When waves go into the small 
dielectric constant medium from the big one, or from optically thinning medium into 
optically dense medium, the reflected wave amplitude reverses. For example, when 
meet steel in concrete box girders, wave velocity is near to zero, reverses, and reflected 
wave amplitude is strong. 

3.2.2 Discriminating coaxial morphological characteristics of reflection wave 

A lineups is formed with the reflected signals from the same continuous interface, based 
on which time, shape, intensity, direction, and so on the interpreted Judgment on radar 
waveform is the most important foundation. The form of lineups is not always in accord 
with that of discriminant content interface. Especially for the edge of the reflection 
effects, there is considerable difference in marginal form. For isolated embedded objects 
as steel and steel strand in box grider, the reflected lineups is parabola opening 
downwards. For limited flat as steel bar used for box girder reinforcement, the lineups 
of interface reflection is that the central part is flat and each end is a semi-parabolic 
branch opening downwards. 

                                                                         
Figure 1. The basic principles schematic diagram of radar.                    Figure 2. Half-
wave image. 

4 USING RADAR FOR PRESTRESSED REINFORCEMENT POSITIONING 

The deviation between the position of prestressed steel reinforcement drawings was 
found when grouting and strengthening the bridge, therefore the steel position in box 
grider is need to know. For looking for steel position, conventional drilling would 
seriously damage the bridge safety, at that time the non-destructive steel positioning 
method was proposed. 

4.1 Engineering Background 

Radar test method is worked based on received reflected wave form to judge the 
circumstances of steel and defects in concrete. As a matter of fact, because of many 
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engineering interference factors, radar test images do not present clear parabolic by 
rules. A lot of actual research is needed to accumulate experiences on the rules and the 
influencing factors. 

4.2 The judgment method and influencing factors in positioning prestressed 
reinforcement 

4.2.1 The vertical prestressed reinforcement is shielded by the surface steel 

The depth of the surface steel is 2 ~ 3cm in common, while that of the vertical 
prestressed reinforcement is commonly 7~18cm. The vertical prestressed reinforcement 
is shielded by the surface steel. 

(1)Just under an upper single stirrups, the radar image of the prestressed reinforcement 
is similar to  the grain of flgure-eights as shown in Figure 1. The position of prestressed 
reinforcement can be determined in the center of the flgure-eights. 

(2)In the case of prestressed reinforcement at the position of the left or right close to the 
upper steel, the radar image was shown as half-wave or big half-wave, and then the 
position of prestressed reinforcement could be determined at wave crest (as shown in 
Figure 2). 

       
Figure 3. Columnar oblique wave.                           Figure 4. Processed image. 

                               
Figure 5. The radar image of crack.                                           Figure 6. Defect. 

(3) If two stirrup spacing very close, the lower prestressed reinforcement would be 
shielded. The image in that case was shown as a columnar oblique wave or only a 
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punctiform mark ( Figure 3). Using analysis software to process and complete 
localization, before and after processing images are shown in Figure 4. 

4.2.2 The influence of the surface steel location 

If surface steel deep reach 7-8cm, there would not be any stripe above stirrup in the 
radar image, furthermore, due to smaller stirrup waveform curvature is lighter. 

4.2.3 Interference of juncture and crack 

Construction joints or cracks cause significant interference in determining the steel 
location accurately. 

(1) The radar image of a gap is chaotic, a software comprehensive analysis is a must in 
connection with the steel distribution in the drawings. 

(2)If the radar image of a gap is similar to that of the prestressed reinforcement, the 
decision method is as follow: generally the radar image of prestressed reinforcement is 
smooth and no burr，while gap‘s is on the contrary as shown in Figure 5. 

4.2.4 The influence of other defects 

If there is void or other defects in concrete (as shown in Figure 6)， the defects would 
interfere the radar image of steel. The radar antenna must be moved to avoid defect on 
positioning. 

                                                                
Figure 7. Image with interference by inclined steel bars.                     Figure 8. Data in 
bad sectors. 

4.2.5 Parallel to test surface the side with steel strips pasted 

The thickness of the measured webplate is 30cm，but the detecting depth of radar is 
50cm. As a result, the steel strips of the side parallel to test surface could be detected by 
radar. For the dense spacing of steel strips, the radar images would be interference by 
steel bars with the width of 5~6cm. In that case, depth is used to locate rebar. 

4.2.6 Test surface with inclined steel pasted 

In this case, test is usually carried out along steel bar. When the test direction is not 
perpendicular to the measured object, the radar image with altered curvature would be 
recognized harder as shown in Figure 7. 
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4.2.7 Surface roughness 

Smooth of the concrete surface is a request to ensure rangefinder continuous. Uneven 
surface would lead to bad data in sector (Figure 8) and influence steel location. 

5 DETECTING STEEL STRAND CONDITION IN PLASTIC CORRUGATED 
PIPE WITH RADAR 

In this section radar was introduced to test the prestressed strands construction state of a 
bridge, and local open method was adopted to verify. 

5.1 Engineering background 

Case 1： There was a defect in steel strand at 43-45m place of the box grider, as shown 
in Figure 9. 

Case 2： Some defects of steel strand might exist at 51m place of Northern box grider N 
direction, as shown in Figure 10. 

 

 
Figure 9. Location image with suspected defects strand. 

 
Figure 10. Location image with suspected defects strand (2). 

   
Figure 11. Radar waveform.    Figure 12. Radar detection image at 51m.     Figure 13. 
Image at 51.5m 
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5.2 The method and procedure of positioning prestressed strands with radar 

Case 1: At the 42-46m, the comparison of strand discrimination between intact strand 
and doubts with radar image, as shown in Figure 11. 

Case 2: Detected and compared at 48.5-52.5m with radar, as shown in Figure 12 and 
Figure 13. 

5.3 The image discriminant result of detecting prestressed steel strand with radar 

For case 1, N1-1 was a dubious steel strand, and N2-1 was a confirmed intact strand. 
Analyzing Figure 11, it was found there were both obvious change of wave at the place 
of the two steel strands. As there was not obvious difference between the two wave’s 
curvature and size appearance, it was deemed that the dubious steel strand N1-1 was an 
intact strand. 

For case 2, N2-2 was a dubious steel strand. An equidistant detection was carried out in 
the range of 48.5-52.5m, Figure 12 is the radar image at 51m and Figure 13 is the radar 
image at 51.5m. Observing the image, the waveform of steel strand N2-2 was abnormal 
at 51.5m. Compared to Figure 12, the wave crest of steel strand in Figure 13 was 
smaller, the peak was more acute, and waveform color was lighter. As a consequence, 
the defect part of steel strand was at 51.5m. 

            
Figure 14. Observable surface at 44.65m.                    Figure 15. Steel strand status. 

5.4 Local open check method and the results 

At the place for radar detection, concrete was chiseled partly to let steel strand exposed. 
It was found that dubious steel strand N1-1 was intact in case 1 as shown in Figure 14 
and dubious steel strand N2-2 was prestressed beam defect in case 2 as shown in Figure 
15. 

6 CONCLUSION 

Using the achievements of this paper mentioned above, some real bridge practices have 
been carried on, and thousands of prestressed steel reinforcement of some bridge have 
been detected. Results indicate, it is an accurate, effective, and convenient NDT method 
that using radar to locate prestressed steel reinforcements and steel stranded wire. 
Furthermore, the damage to bridge has been reduced greatly by using this method 
contrasted to most of the traditional methods. Without any doubt, this method will be 
applied to bridge detection in the actual project on a large scale. 
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