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Abstract            
 Ground Penetrating Radar (GPR) and Infrared Thermography (IR) have been applied 
separately by several agencies as tools for bridge deck condition assessment, but there is 
limited reported work describing the combined use of the results of these two methods. The 
work described in this paper demonstrates how these two technologies can be economically 
combined using a multi-level survey approach. The work was carried out on 87 bridge decks 
in Wisconsin, and included IR and GPR data collection, under-deck visual surveys, and 
selective core sampling. A Level 1 analysis was initially conducted to screen out decks in 
good condition, and to focus more detailed (Level 2) analysis on decks that would most likely 
be programmed for future maintenance and rehabilitation. The strengths and limitations of 
each method were considered in carrying out the data analysis. The paper describes the 
methodology, the equipment used, the field data collection, the analysis methods, and the 
integration of results obtained from the two types of surveys. 
 
Résumé 

Le Radar  (GPR) et la Thermographie Infrarouge (IR) ont été appliqués séparément par 
plusieurs agences comme des outils pour l'évaluation de la condition des tabliers de pont, 
mais les travaux décrivant l’usage combiné de ces deux méthodes sont limités. Le travail 
décrit dans ce papier démontre comment ces deux technologies peuvent être combinées de 
manière économique en utilisant une approche multi-niveaux. Le travail a été effectué sur 87 
tabliers de pont dans le Wisconsin et incluait le recensement des données IR et GPR, les 
inspections visuelles des dessous de ponts et l’échantillonnage sélectif de carotte. Une analyse 
du niveau 1 a été initialement conduite pour examiner des ponts en bon état et pour mettre au 
point une analyse plus détaillée (niveau 2) sur les ponts qui seraient plus probablement soumis 
à une maintenance future. On a considéré les forces et limites de chaque méthode dans 
l'exécution de l'analyse des données. Le papier décrit la méthodologie, l'équipement utilisé, la 
collecte des données de terrain, les méthodes d'analyse et l'intégration de résultats obtenus à 
partir des deux types d'enquêtes. 
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1 Background 
 An accurate description of the extent and severity of bridge deck deterioration is required 
by highway agencies in order to prioritize and plan and maintenance and rehabilitation. Such 
a description is often difficult to obtain, since the mechanisms of deterioration occur below 
the surface, and their manifestations are not readily seen in visual inspections. The lack of 
reliable condition information has led to the replacement of sustainable decks (their 
“soundness” was revealed during demolition), and to neglect of unsound decks until the 
resulting potholes and falling concrete require emergency response. With reliable condition 
information, agencies can efficiently focus preventative maintenance and rehabilitation efforts 
on preserving the life of existing decks. Ground penetrating radar and infrared thermography 
represent two technologies that can provide the needed information. 
 Ground Penetrating Radar (GPR) and Infrared Thermography (IR) were first introduced 
for bridge deck condition assessment in the mid 1980's and are currently covered by two 
ASTM specifications [1,2]. Subsequent to their introduction, each technology has been 
developed and enhanced, by improvements in hardware, software, and understanding of the 
interpretation of data. Although these developments have been parallel, little effort has been 
devoted to integrating the two technologies into a system that benefits from the strengths of 
both. One of the impediments is the concern for the increased cost associated with using two 
survey methods. As discussed in this paper, the cost issue has been addressed by using a two-
level approach to analyzing the data. 

 1.1 Description of the Technology 
 GPR detects bridge deck deterioration from changes in the dielectric properties and 
attenuation of the concrete (see Maser and Roddis, 1990; SHRP C-101) [3,4]. GPR was 
originally developed for overlaid decks, since access to the concrete surface via other 
traditional methods is limited. For overlaid concrete decks, the variation of the dielectric 
constant of the concrete provides one measure of deterioration. Concrete with high moisture 
and chloride content, as associated with corrosion and freeze-thaw damage, will produce high 
variations in the dielectric permittivity in the concrete under the overlay (Maser, 1990; Carter 
et. al., 1986) [5,6]. The attenuation (loss of amplitude) of the radar signal, as measured from 
the top rebar reflection and/or the bottom of the deck, provides an additional measure of 
concrete deterioration.  
 IR uses solar radiation to generate thermal differentials between delaminated and sound 
areas of the deck (Maser and Roddis, 1990) [3]. The solar radiation heats the deck, and the 
areas above delaminations are essentially insulated from the remainder of the deck. These 
delaminated areas heat up faster, and can develop surface temperatures from 1 to 3 ºC higher 
than the surrounding areas when ambient conditions are favorable (Manning and Holt, 1980) 
[7]. An infrared camera is used to detect these differentials, and the detected areas are mapped 
and quantified. 

 1.2 Strengths and Limitations 
 It is important to understand the strengths and limitations of GPR and IR in order to fully 
appreciate the effectiveness of combining these two methods. The data can be collected at 
normal driving speeds without lane closures and traffic control. GPR is equally effective on 
bare concrete decks as well as on decks with concrete and bituminous overlays. GPR data 
requires office processing to reveal deteriorated areas, and the analysis, while producing good 
quantity estimates and general locations, is not as strong at precisely locating delaminated 
areas. While GPR is generally effective for deck slabs on girders, it has limitations with one-
way slab types of decks. 



 IR produces a visual delamination image immediately in the field that can be checked on 
the spot using sounding and cores, and thus provides good location accuracy. However, as a 
surface temperature method, its detection capability is depth limited. While it is very effective 
for non-overlaid decks, its effectiveness can be reduced in the presence of overlays. For 
example, for decks with a concrete overlay, the infrared will clearly reveal the overlay 
debonding but may have limitations detecting rebar-level delamination if the rebar is deep. 
Also, IR data collection takes place at 5 mph and requires a moving closure, and solar 
radiation conditions must be adequate to produce the required temperature differentials.  
 From the description above, it appears that these two methods can complement one 
another. This complementary nature is the basis for the work described in the remainder of 
this paper.  

 1.3 Two-Level Inspection Strategy 
 A two level inspection strategy has been implemented as part of a survey of 45 bridge 
decks in Wisconsin. The purpose of this strategy is to separate out the decks that are in good 
condition, and to focus on the decks that need to be programmed for maintenance and 
rehabilitation. This strategy combines the strengths of the GPR and IR methods, while 
minimizing the overall cost to the agency. The Level 1 assessment involves collection of 
GPR, IR, and under-deck visual data, and a preliminary analysis for overall levels of 
deterioration. Based on this preliminary analysis, no further work is needed on many of the 
decks, while some are designated for a more detailed Level 2 evaluation. Level 2 involves 
detailed mapping of deteriorated areas, and specific quantity estimates for different levels of 
deterioration, in addition to confirming core samples. The details of data collection and 
analysis are described in the following sections.  

2 Data collection 
 All 87 bridge decks were surveyed with Infrared Thermography (IR), Ground Penetrating 
Radar (GPR), and underside visual inspections. This survey work took place during the 
summers of 2007 and 2008. The IR and GPR equipment used in this evaluation is shown in 
Fig.1.  The IR survey was carried out according to ASTM D 4788 – 97 [1] using a high-
resolution digital infrared camera and a color video camera operated from an elevated 

platform attached to a survey vehicle. Data 
was typically collected between 10 AM and 3 
PM, to maximize the temperature 
differentials caused by debonding and 
delamination. Infrared and video data were 
displayed on live video monitors and 
recorded to digital media for later office 
processing. The survey covered one lane per 
driving pass, and the vehicle traveled at no 
more than 2.2 meters/sec. A moving lane 
closure with two attenuator vehicles was 
typically provided for this survey. During the 

IR survey, delaminated and debonded areas revealed by the infrared data and observed in the 
real-time video were periodically checked with sounding to confirm the infrared observations.  
 Figure 1.GPR and Infrared Equipment 
 
The GPR survey was carried out according to ASTM D 6087 – 08 [2] using twin air-coupled 
horn antennas suspended above the pavement surface. Multiple passes were carried out using 
a series of round trips across each deck. The radar data was collected on longitudinal lines 
spaced transversely at approximately 3 feet apart. The collection was carried out at normal 



driving speeds. The GPR survey requires dry pavement conditions, but otherwise is not 
temperature or weather dependent. Thus, the GPR survey work was carried out when solar 
conditions were not suitable for IR. 
 The underside of the deck was visually observed, and areas of efflorescence, map cracking, 
rust staining, spalling, and exposed rebar were documented. It is understood that for water 
crossings, not all spans were accessible for underside inspection.  
 A total of 214 cores were taken on decks selected for Level 2 evaluation. Core locations 
were established based on Level 2 condition maps. The number of cores per deck varied from 
3 to 8, depending on the size of the deck and conditions revealed in the Level 2 analysis. 
Location maps and core coordinates were provided to the coring crew prior to commencement 
of coring operations for locating the cores in the field. All cores were 3 inches in diameter, 
and ranged in depth from 6 to 10 inches depending on the predicted rebar depth from the GPR 
data. The objective of the specified depth was to core 2 inches below the top rebar, so that 
rebar-level delaminations would be clearly revealed. The core holes were examined to verify 
fractures and delaminations observed in the cores. After examination, each core hole was 
filled with rapid setting non-shrink grout. The cores were taken back to the lab, and their 
conditions documented and photographed. 

3 Data evaluation 

 3.1 Level 1 Evaluation 
 A “Level 1” analysis was carried out for all 87 decks surveyed. This analysis includes  
review of the Infrared data for estimated overlay debonding and rebar-level delamination 
quantities; review of the GPR data for estimated rebar depth and rebar-level condition; review 
of underside visual data; and recommendation regarding the need for Level 2 analyses and for 
deck coring. For this work a 10% debonding and/or delamination threshold was used to 
determine whether or not a Level 2 analysis should be conducted.  
 
 Composite infrared images were created for each deck to determine overlay deterioration 
quantities. Figs. 2 and 3 show examples for decks in poor and good condition. The white 
blotchy areas on the IR image of Fig.2 indicate delaminations. These are “hot” spots where 
the surface temperatures are higher due to the thermal barrier produced by the delaminations. 
The data in Fig.2 clearly shows >10% delamination. By contrast, the IR data in Fig.3 shows 
very little evidence of delamination. These thermal images served as the template for those 
decks that will require a Level 2 mapping. 
 The GPR data was reviewed qualitatively to estimate rebar depth and condition. A typical 
deck 40 foot wide deck would have 13 lines of data, each representing a cross sectional slice 
of the deck at that offset. Fig.3 and 4 shows samples of GPR data used for this evaluation. 
Note that due to the placement of a concrete overlay, the depth of the top rebar is over 5 
inches below the deck surface. At this depth, the IR may not be able to reveal rebar-level 
delaminations. 

 
  Delaminated Areas  

         
   Figure 2.Sample IR Deck Image Showing              Figure 3.Sample IR Deck Image Showing 
      >10% Debonding and Delamination                      No Delamination or Debonding 



 
 
 
 
 
 

 
 

 
 
                                                                                                               
 
                Figure 4.Sample GPR Bridge Deck Data                 Figure 5.Photograph Showing  
   Efflorescence and Leakage 
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 The underside of each bridge was visually inspected for evidence of cracking, 
efflorescence, spalling, rust-staining, and other signs of distress. These observations were 
mapped onto bridge plan sheets with supporting photographs. Fig. 5 shows a photograph of 
underside conditions associated with deck delamination.  

 3.2 Level 2 Evaluations 
  The recommendation for Level 2 analysis is based on the Level 1 IR, GPR, and 
underside analyses. If the deterioration levels are clearly less than 10%, then the no further 
analysis work was recommended. However, if there were indications that there was >10% 
deterioration, or if there was some uncertainty due, for example, to the presence of an asphalt 
overlay, the observed depth of rebar, or the underside condition, then the Level 2 analysis was 
recommended. 
 A level 2 analysis, included coring and detailed mapping of delaminated and debonded 
conditions was carried out for 38 deck structures. The type of mapping (Infrared, GPR, or 
both) depended on the depth of rebar, type of deck, and the deck surface conditions. It was 
generally assumed that infrared detects overlay debonding and rebar-level delamination down 
to a depth of 4.5 inches. For decks that satisfied this condition, the mapping was done using 
the infrared data. Due to the presence of concrete overlays, many of the decks on this project 
had rebar depths from 5 to 6 inches. For these decks, it was assumed that rebar-level 
delamination might be missed by the infrared, and the GPR data was mapped to these 
conditions. In some cases, the presence of an epoxy overlay produced a mottled surface 
condition preventing the collection of useful infrared data. GPR was used for the analysis of 
these decks. A typical condition map combining the results of GPR and IR is shown in Fig. 6.  
 The quantities determined from the detailed mapping of the IR and GPR data were and 
separated into “overlay debonding” and “rebar-level delamination” categories. The color scale 
for GPR indicates “severity”, which is related to the combined effects of chloride 
contamination and rebar corrosion. The core locations are shown on each map, along with the 
core coordinates.  
 As indicated in Fig. 6, Cores were generally located to coincide with areas of deterioration 
predicted by either IR, GPR, or both. A small number of cores were taken areas showing no 
evidence of deterioration. Fig.7 shows typical core logs obtained on the project. Core results 
showed that the depth of top rebar predicted by the GPR is fairly consistent with rebar depths 
found in the cores. The thickness of the concrete overlay observed in the cores ranged from 2 
to 4 inches and is significantly greater than the 1.5 inches specified in the plans. As a result, 
depths of top rebar on overlaid decks range from 4 to 6 inches. It is unlikely that rebar-level 



delamination at these depths could be detected by conventional chain drag techniques, a fact 
that underscores the value of the survey methods used on this project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Figure 6.Typical Combined IR/GPR Condition Map   
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            Showing Core Locations and Quantities                      Figure 7.Typical Core Logs
   Obtained on the Project 
  
 A summary of the core detection results is presented in Table 1. The table shows that of the 
214 cores taken, 168 were found to have some type of defect (delamination and/or debond). 
Of the defective cores, 139 (or 83%) were correctly identified with either GPR or Infrared, or 
both. Failure to identify some of the defects could be due to the small width of the 
delamination, the depth, or location discrepancies between the maps and the actual cores.  
 
 

Table 1.Summary of Core Results 

Total number of cores 214 
Number of cores with defects 168 
Number of defective cores correctly 
identified with IR/GPR 139 

Percent correct identifications 83% 

 

4 Conclusions 
 The work presented in this paper demonstrates the integration of Infrared Thermography 
(IR) and Ground Penetrating Radar (GPR) into a two-level bridge deck condition assessment 
system. Although the two technologies are combined, the two-level approach is highly 
economical, since it minimizes analysis work on decks that are in good condition, and focuses 
on the decks that need the work. The combination of IR and GPR is very powerful, 
maximizing the capabilities of each method and compensating for the limitations. The core 
results collected as part of this project demonstrate a high degree of accuracy in locating 
delaminated and debonded areas, and provide a great deal of confidence in the overall 
deterioration quantities provided as part of this project. 
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