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Abstract 
Concrete bridge deck deterioration can manifest in many ways, including delamination caused by corrosion of 
the steel reinforcement. If not detected and repaired, these delaminations can ultimately lead to greater problems 
such as spalling, further corrosion of the reinforcement mesh, and can potentially lead to structural failure. 
Bridges are a crucial component of the transportation system; therefore it is necessary to implement methods of 
detecting and locating these defects early in order to preserve the lifespan of the bridge, since costs of repair are 
typically considerably less than the costs of replacement. This study investigates the use of three nondestructive 
testing methods in a complimentary multi-method approach: air-coupled ground penetrating radar, ultrasonic 
tomography, and infrared thermography. It is found through blind testing that these methods can accurately 
detect and locate fabricated bridge deck delamination. When coupled together, a multi-method approach can 
streamline field-testing by combining both high-speed and in-depth scanning methods. 
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1. Introduction 
 
Numerous methods have been used to detect and characterize the extent of bridge deck 
delamination. However, continual improvement of nondestructive testing (NDT) methods 
demands that newly developed technologies be proven by performing tests on specimens with 
defects that accurately simulate real-world flaws before field implementation. In the present study, 
three NDT technologies are used to evaluate a bridge deck constructed with simulated 
delaminations: air-coupled ground penetrating radar (GPR), ultrasonic tomography (UST) 
utilizing shear waves, and infrared thermography (IRT). The major objective of this study is to 
compare the results of blind testing using the NDT technologies with the known defect key and 
offer an approach that implements multi-method NDT technologies for routine bridge inspections.   
 
The effectiveness of several NDT methods, like IRT, impact echo (IE), GPR, air-coupled 
impulse echo, and chain-drag sounding methods, for the evaluation of bridge decks have been 
compared and contrasted [1, 2], and certain methods are found to be better than the others 
depending on the circumstances. It was demonstrated that the combined results of IE and 
ultrasonic surface waves were preferred to the measurements made individually by these NDT 
techniques [3]. The performance criterion of a NDT method is based on the method’s ability to 
accurately locate the simulated defects and perform the testing in a reasonable amount of time.  
 
For the current study, testing is performed on a bridge deck constructed by the University of 
Texas at El Paso (UTEP) with known artificial delaminations, cracks, and corroded 
reinforcement. Several parameters were considered in the construction of the artificial 
delaminations, including stacked delaminations, delaminations of various thicknesses (0.25-2.0 
mm), sizes (305 mm×305 mm - 610 mm×610 mm), depths (above and below two layers of 
reinforcement that were respectively 64 mm and 142 mm below surface), with some defects 
located above prestressed girders supporting the slab. Blind testing was performed by the authors, 
and the results, after they were assimilated, were compared to the defect key. 
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2. Simulated Bridge Deck with Defects 
 
Figure 1a shows the bridge deck on which the various NDT techniques were performed. The 
deck measures 2.44 m×6.1 m×216 mm (w×l×t), and rests on three 381 mm wide prestressed 
concrete girders. The deck had two mats of #5 (16 mm) reinforcement that were spaced at 
254 mm and 203 mm on center in the longitudinal and transverse direction respectively. 
Grade 60 steel was used, and the 28-day strength and elastic modulus exceeded 34.5 MPa and 
27,580 MPa, respectively. 
 
Figure 1b shows the various defects that were incorporated in the bridge deck. There were a 
total of nine artificial delaminations (DL1-DL9) in the bridge deck. The parameters 
considered in the construction of artificial delaminations were stacked delaminations, various 
thicknesses (0.25-2.0 mm), sizes (305 mm×305 mm-610 mm×610 mm), depths (above 
reinforcing steel and below two layers of reinforcing steel at 64 mm and 152 mm below 
surface respectively), with some defects located above prestressed girders supporting the slab. 
For delaminations DL1-DL8, foam sheets of thicknesses between 1.0-2.0 mm were used to 
mock typical real-life air-filled horizontal delaminations, while a very thin 0.25 mm polyester 
fabric was used to mock an ultra-thin horizontal delamination DL9.  In addition to the 
delaminations, vertical cracks (CK1-CK5) were constructed from both thick and thin 
cardboard sheets. The #5 corroded steel mats are represented by MESH 1 and MESH 2 that 
were at a depth of 1.0-2.0 mm. 
 

 

(a) (b) 
Figure 1. (a) Layout of bridge deck, and (b) defect key 

 
3. Data Collection and Analysis 
 
3.1 GPR 
 
An air-coupled GPR unit with a center frequency of 1 GHz is used in the current 
investigation. The unit was mounted to a cart and manually pushed over the entire length of 
the deck at 152 mm transverse increments. Figure 2 shows a GPR B-scan along the fifth 
horizontal grid from top of the bridge deck in Figure 1b. The results from the GPR accurately 
depict the top reinforcing steel located at approximately 89 mm below the surface, and the 
bottom reinforcing steel at approximately 191-216 mm below the surface. The circled 
locations in the GPR scan shows four areas DL1, DL2, DL3, and DL8 consistent with the 
defect key. Defects DL4 and DL7 are detected in a similar fashion (not shown). The GPR also 
indicated the areas of possible corrosion by the increase in dielectric, shown by a line plot in 
the bottom of the GPR B-scan. Overall, the GPR technique showed success at locating steel 
and structure depth, as well as faint indications of delamination existing in some locations. 
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Figure 2. Comparison of GPR B-scan 
along line D with defect key 

Figure 3. Infrared collage and single 
image from FILR camera 

 
3.2 IRT 
 
Figure 3 shows the results from IRT for the test specimen. As IRT is based on surface 
temperature, depth or defect dimensions cannot be obtained with this NDT technology. The 
IRT technology did not detect corrosion, cracks, or the deep foam delaminations that were 
152 mm deep and shallow polyester delaminations that was 64 mm deep. The lack of 
detection of these defects is due to the defect being too deep to locate temperature differences 
and too thin to produce a noticeable insulating effect. Even though delaminations DL5/6 and 
DL2/3 have the same area and are located at the same depth, the 2 mm thick DL5/6 
delaminations displayed higher thermal emissions than the 1.0 mm thick DL2/3. DL1 and 
DL4 show similar trends. Comparisons should also be made between DL8 and DL7, which 
are discernible, but whose shape cannot be well defined. DL9, the 0.25 mm polyester fabric, 
cannot be seen making a substantial change in surface temperature. 
 
3.3 UST 
 
In cases where general internal conditions of the test subject are desired, a 102 mm×254 mm 
stepping scan grid will suffice, but to have greater resolution, a 51 mm×152 mm stepping 
scan grid has been shown to be optimal [4]. For this study a grid size of 102 mm×102 mm 
was chosen to characterize the internal composition of the bridge deck; allowing the bridge 
deck to be scanned in just over 3 hours. The average wave speed is calculated via a calibration 
procedure. For the bridge deck under investigation, a shear wave speed of 2231 m/s was 
computed and used for building the map. 
 
Figure 4 shows some of the UST results. The depths of the artificial flaws within the deck are 
easily determined by UST from either a single scanned image on the device screen, or a more 
detailed analysis on the 3D computer model. Measurements to the centroid of high reflectivity 
regions (green regions in Figure 4), which denote any sort of discontinuity, represent the 
depth of the anomalies. The outline of the defect key (Figure 1) is overlaid on the C-scan 
(Figure 4a). All delaminations except the 0.25 mm thick DL9 are clearly seen in the plan 
view, and the ones found range from being fully visible on all edges to vaguely discernible. 
Figure 4b displays the B-scans obtained from scans across the 2.44 m width of the bridge 
deck. DL4 and DL3 are clearly seen at their intended locations. Figure 4c presents the 
volume-view of a certain C-scan at a depth of 152 mm, which shows the extent of 
delamination present below the reinforcement region.  
 
4. Conclusions 
 
Three NDT technologies, namely GPR, IRT and UST were used to blind test a bridge deck 
with known defects. UST is highly useful for in-depth investigation of potential bridge deck 
deterioration and can detect regions of delamination accurately. However, UST scanning is 
time consuming for large test areas. On the other hand, GPR data acquisition is extremely fast 
and efficient, however the results can be difficult to interpret. Therefore, the GPR technique 
can  be  used  to  highlight regions of interest which can then be studied using UST technique.  
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Figure 4. (a) C-scan of entire bridge deck, (b) select B-scans, and (c) volume scan 
 
IRT, another high-speed method, can be further coupled with the GPR-UST combination to 
provide fast evaluation of near-surface delamination. However, IRT is only optimal at times 
of the day with the largest temperature differential in the concrete deck. It is compelling to 
argue that the multi-method NDT approach is more robust than the methods used individually. 
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