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Abstract. This paper presents the findings of an experimental study on the use of Infrared 
Thermography for nondestructive evaluation of subsurface delaminations in Fiber Reinforced Polymer 
(FRP) composite bridge decks and concrete columns wrapped with FRP jackets. Composite bridge 
deck specimens were constructed in the laboratory with varying delamination sizes. The infrared 
images from the delaminated specimens were compared with undamaged specimens to study the 
effect of subsurface delaminations on the infrared images. In addition, field tests were conducted using 
infrared thermography on composite structural members of three bridges located in West Virginia. 

INTRODUCTION 

According to USDOT, over 40% of the total number of bridges in the USA are 
classified as structurally deficient or functionally obsolete, with the estimated cost of 
repairs running into billions of dollars. One of the major reasons of deficient bridges is the 
high rate of deterioration of conventional concrete decks [1]. Therefore, there is a need for 
a new material with lower deterioration rate. 

Composite materials have proven to be very useful in rehabilitation of old 
structures. Some of their advantages over conventional materials are: (1) high strength and 
stiffness to weight ratio, (2) good fatigue resistance, and (3) low-rate of deterioration. For 
example, by replacing a concrete deck of an old bridge with a composite deck, the dead 
load of the bridge will be reduced by up to 80%. Thus, the live load (the total weight of 
vehicles on the bridge) capacity of the bridge can be increased without upgrading the 
columns and foundation. 

Use of innovative bridge deck materials, like fiber reinforced polymer (FRP) 
composites, require new types of field testing and evaluation methods. Many 
nondestructive evaluation (NOE) techniques are being investigated to monitor composite 
structural members and study their behavior. Infrared thermography and ground 
penetrating radar (GPR) have been emerging as the more promising techniques. 

CP615, Review of Quantitative Nondestructive Evaluation Vol. 21, ed. by D. 0. Thompson and D. E. Chimenti 
© 2002 American Institute of Physics 0-7354-006 l-X/02/$19.00 

1303 

http://dx.doi.org/10.1063/1.1472946


The infrared technique uses an infrared camera to generate a temperature profile of 
the surface of the deck in the form of a color or black-and-white visual image. The 
subsurface defects affect the surface temperature because of their thermal conductivity 
differences with respect to the adjacent material, resulting in changes in the infrared image. 
The GPR antenna transmits electromagnetic waves through the thickness of the bridge 
deck, and the subsurface defects affect the echo signals. Both infrared and GPR techniques 
can test (scan) large portions of a bridge deck in a relatively short time. While GPR is 
capable of providing the depth related information, the signal interpretation is more 
difficult. On the other hand, infrared thermography produces a real-time image that can be 
interpreted easily to evaluate the integrity of the structure. 

While infrared thermography has been applied to concrete decks [2,3], its use for 
evaluation of composite structural members is relatively new, and very little information is 
available on the evaluation of composite decks with the infrared technique. Therefore, this 
study focused on laboratory and field evaluation of composite decks using infrared 
thermography. The effect of subsurface anomalies (e.g., cracks, delaminations) on the 
infrared images were investigated by conducting experiments on composite bridge deck 
specimens under controlled laboratory conditions and comparing the images from 
undamaged and delaminated areas in these specimens. The field infrared testing included 
composite decks of two bridges located in West Virginia and FRP wrapped concrete 
columns of a third bridge, also located in West Virginia. The field tests were conducted to 
determine the feasibility of using the infrared technique to field evaluation of composite 
structural members. 

LABORATORY SPECIMENS 

Two FRP composite deck specimens (16" x 12" x 8" or 406 x 305 x 203 mm) overlaid 
with a 3/8" (9.5 mm) thick wearing surface were constructed. The wearing surface 
consisted of a mixture of epoxy, basalt aggregate, sand and silicon. The cross-section of 
one of the specimens (without the wearing surface) is shown in Figure 1. One of these 
specimens (Sample 1) consisted of an 11" x 7.5" x 0.05" (279 x 190 x 1.3 mm) subsurface 
air-filled delamination between the wearing surface and the composite deck, as shown in 
Figure 2. The other specimen (Sample 2) had two smaller subsurface air-filled 
delaminations, both 0.05" (1.3 mm) thick, as shown in Figure 3. The latter specimen 
enabled the evaluation of infrared technique for detecting delaminations with smaller 
spatial extent. 
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FIGURE 1. Specimen cross-section. 
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FIGURE 2. Composite deck specimen (Sample 1). FIGURE 3. Composite deck specimen (Sample 2). 

FIELD BRIDGES 

The first bridge deck tested was for the Laurel Lick Bridge, built in May 1997 and 
located off of I-79 in West Virginia. The bridge consists of a modular FRP deck supported 
by wide-flange pultruded composite stringers. The length of the bridge deck is 20' (6.1 m) 
and the width is 16' ( 4.88 m). The cross-section of the bridge deck is shown in Figure 4. 

The second bridge deck tested was for the Wickwire Run Bridge, built in October 
1997 and located off of Route 119 in Taylor County, West Virginia. The bridge has a 
composite H-deck supported by four longitudinal steel beams spaced 6' (l.83 m) apart. 
The length of the bridge deck is 30' (9.14 m) and the width is 21.7' (6.61 m). The cross
section of the bridge deck is shown in Figure 5. 
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FIGURE 4. Deck cross-section for Laurel Lick bridge. 

1305 



r 20' -2 1 /2" Horizontal Clearance • 1 

3/8" Polymer Concrete Overlay 

8" FRP Deck 

= 18'-0" 

FIGURE 5. Deck cross-section for Wickwire Run bridge. 

The third bridge chosen for testing was the Pond Creek Bridge located in West 
Virginia. A FRP wrapped concrete column was tested using the infrared technique. This 
steel reinforced column had been wrapped with adhesively-bonded fiberglass shells for 
providing confinement in order to increase its axial load carrying capacity. The column 
cross-section was circular with a diameter of approximately 4' (1.22 m). The objective of 
the infrared testing in this case was to detect areas with debonding between the FRP wrap 
and the underlying concrete. 

INFRARED TESTING OF LABORATORY SPECIMENS 

The laboratory specimens were tested using an infrared camera with 0.2 °C 
resolution operating in the near-infrared spectral range (3-5 µm wavelength). The 
specimens were tested in a dark room to minimize environmental effects on the 
measurement. Prior to infrared testing, the specimens were heated with a 1500 watt quartz 
tower heater for about ten minutes. It is important to develop a thermal gradient through 
the thickness of the specimen prior to infrared testing. 

Figure 6 shows the infrared image corresponding to Sample 1. The brighter color in 
the infrared image indicates higher temperature. The surface temperature at the location of 
the curser mark ( +) is shown to be 45.9 °C. The top half of the specimen, which had the 
0.05" (1.3 mm) thick air-filled delamination between the 3/8" (9.5 mm) wearing surface 
and the composite deck, indicated a surface temperature which was about 7 °C higher than 
the surface temperature for the bottom half. The test was repeated by inverting the 
specimen (that is, with the delaminated portion towards the bottom) and similar results 
were obtained, indicating that the heat provided by the quartz heater was uniform. The 
delaminated area had a lower heat transfer rate through the thickness of the specimen, 
resulting in a higher surface temperature. 

The infrared image corresponding to Sample 2 is shown in Figure 7. The surface 
temperature at the location of the curser mark ( +) is shown to be 71.4 °C. The two 
delaminations (3" x 2" x 0.05" or 76 x 51 x 1.3 mm, and 1" x 1" x 0.05" or 25 x 25 x 1.3 
mm) could be seen as "hot spots" as indicated by the brighter color in the infrared image 
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shown in Figure 7. The larger delamination was more prominent, with a surface 
temperature difference of over 10 °C compared to adjacent areas with no delamination. 

The above experiments showed that 0.05" (1.3 mm) thick air-filled delamination 
could be easily detected using the infrared camera. Further experiments with simple 
debonding ( without any significant air gap) between the wearing surface and the composite 
deck failed to produce a measurable surface temperature differential [4]. Thus, it was 
concluded that debondings with practically no air gap may not be detectable with the 
commercially available infrared cameras. On the other hand, if the air gap is significant (= 
0.05" or 1.3 mm), the likelihood of its detection is very high. 

INFRARED TESTING OF FIELD BRIDGES 

The infrared testing for the Laurel Lick bridge deck and the Pond Creek bridge 
column was conducted using an infrared camera with 0.1 °C resolution operating in the 
spectral range of 8-11 µm wavelength. Since this spectral range is further away from the 
visible range (0.4-0.75 µm wavelength), it is less influenced by environmental parameters 
(e.g., brightness of the sun) and is more suitable for field studies. However, this camera 
was not available during the testing of the Wickwire Run bridge deck, which was thus 
tested with the other infrared camera with a spectral range of 3-5 µm wavelength. 

Figure 8 shows a sample infrared image from the Laurel Lick bridge deck, which 
was tested on a sunny day with average ambient temperature of 24 °C. The dust on the 
bridge deck was cleaned using a broom prior to testing. Figure 8 shows some hot areas 
(indicated by brighter pinkish color) which are actually surface irregularities caused by 
poor finishing during construction. In order to avoid erroneous classifications of such areas 
as delaminated regions, it is important to record visual images of the deck and correlate 
them to the infrared images. Also it was found that some of the guard rails reflected solar 
rays on the deck, resulting in a higher surface temperature in such areas. It is also 
important to account for other abnormalities such as shadows and oil spills which affect 
surface temperatures. After analyzing several images from the Laurel Lick bridge deck, no 
delaminated areas were detected [4]. This is not surprising since the bridge deck has been 
in service for less than four years and has a low traffic volume. 

A sample infrared image from a FRP wrapped concrete column in the Pond Creek 
bridge is shown in Figure 9. The objective of this test was to detect areas of debonding 
between the FRP wrap and the concrete column. A loss of bond results in a loss of 
confinement, which reduces the load carrying capacity of the wrapped column. Infrared 
testing of this column proved to be more challenging compared to the testing of composite 
bridge decks. Since the deck prevents the solar rays from reaching the columns, they are 
relatively cold, which significantly reduces the surface temperature differentials between 
the solid and debonded areas in the column. The areas of the columns that were not 
exposed to the sun could not even be tested. The image in Figure 9, which is from the part 
of the column exposed to the sun, shows some "hot spots" as indicated by whitish color. 
Presently, it has not been established whether these hot spots are due to debonding between 
the FRP wrap and the concrete, or due to defects in the FRP wrap itself. However, such 
distinction is not critical for field evaluation since both categories of defects result in loss 
of confinement in the column. What is more critical is the size of the defect as identified 
by the infrared image, since larger size means more confinement loss. The whitish areas in 
Figure 9 are small compared to the diameter of the column and were not deemed to be 
critical. The violet areas were also not classified as critical in terms of debonding or defect 
in the FRP wrap, since the temperature differential between the violet and green areas is 
small as indicated by the temperature scale on the left side of the infrared image. 
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FIGURE 6. Infrared image from Sample 1 

FIGURE 8. Infrared image from Laurel 
Lick bridge deck. 

FIGURE 10. Photograph of Wickwire Run 
bridge deck. 

FIGURE 7. Infrared image from Sample 2 

FIGURE 9. Infrared image from Pond 
Creek bridge column. 

FIGURE 11. Infrared image from 
Wickwire Run bridge deck. 

Figures 10 and 11 show the visual photograph and infrared image for a portion of 
the Wickwire Run bridge deck. The surface defect in Figure 10 is visible just to the right of 
the curser mark ( +) in the infrared image shown in Figure 11. The high temperature areas 
shown by yellow color towards the right side of the image is due to solar reflection from 
the metal guard rails on the bridge deck, and therefore this area does not indicate any 
delamination. After analyzing several infrared images from this bridge deck, it was 
concluded that there were no areas with subsurface delaminations [4]. This is not unusual 
since the bridge deck has been in service for a little over three years and has a low traffic 
volume. If infrared testing is carried out during years to come, subsurface defects formed 
in later years may be revealed in the infrared images. 
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CONCLUSIONS AND RECOMMENDATIONS 

This study has attempted to demonstrate the applicability of the infrared technique 
for laboratory and field evaluation of composite structural members. The laboratory tests 
indicated that air-filled delaminations between the wearing surface and the composite deck 
with a depth of the order of 0.5'' (13 mm) and thickness of the order of 0.05" (1.3 mm) 
could be detected. However, debonding with practically no air gap could not be detected 
using currently available commercial infrared cameras. It may be possible to enhance the 
sensitivity of the method through the use of advanced image processing techniques, which 
was outside the scope of the current study. 

Field tests indicated that infrared testing is a practical tool for application to bridge 
decks because it enables rapid data acquisition. However, a number of factors such as 
surface defects and oil spills, reflection from guard rails and shadows from adjacent objects 
(e.g., trees and buildings) could interfere with infrared testing. In order to account for 
these factors, it is important to record visual images in addition to infrared images during 
field testing. 

Other factors such as angle of inclination of the infrared camera with respect to the 
bridge deck may have a significant influence on the infrared images and the detectability of 
subsurface defects, and further investigation is needed to determine the optimum angle. In 
any case, care should be taken to avoid angles that place the lens of the infrared camera in 
the path of reflection of solar rays from the bridge deck. 

The infrared technique works well only in the presence of a strong heating ( or 
cooling) source that creates a thermal gradient through the thickness of the structural 
member to be tested. Field testing of columns and girders using the infrared technique 
often poses a problem since the deck prevents the solar rays from reaching all parts of such 
members. Therefore, use of alternative heating or cooling sources (e.g., heating blanket or 
cooling liquid) capable of providing sustained heating or cooling for a period of at least ten 
to thirty minutes need to be explored for field testing of structural members that are not 
adequately exposed to the sun. Also, it should be noted that the presence of moisture is 
detrimental for infrared field testing. Therefore, the tests must be conducted during dry 
weather and on bright sunny days. 

ACKNOWLEDGEMENTS 

The authors would like to gratefully acknowledge the funding provided through 
research grant No. WV-23 by the West Virginia Division of Highways (WVDOH) which 
enabled them to conduct this study. 

REFERENCES 

1. Dunker, K. F. and Rab bat B. G ., J. Pe,formance of Constructed Facilities -ASCE 4(3), 
161-173 (1990). 

2. Del Grande, N. K. and Durbin, P. F., "Delamination Detection in Reinforced Concrete 
Using Thermal Inertia," in Nondestructive Evaluation of Bridges and Highways III, 
SPIE Conference Proceedings 3587, Bellingham, WA, 1999, pp. 186-199. 

3. Maser, K. R., and Roddis, W. M. K., J. Transportation Engrg.-ASCE 116(5), 583-601 
(1990). 

4. AlQennah, H. M .. Detection of Subsu,face Anomalies in Composite Bridge Decks 
Using Infrared Thermography, M.S. Thesis, Department of Civil and Environmental 
Engineering, West Virginia University, Morgantown, WV, 2000, pp. 1-85. 

1309 


	Welcome
	Contents
	THERMAL TECHNIQUES AND SENSOR TECHNOLOGY
	ELASTIC WAVES AND ULTRASONIC TECHNIQUES
	Section A. Ultrasonic Modeling
	Section B. Guided Waves
	Section C. Laser Ultrasonics

	ELECTROMAGNETIC, THERMAL, AND X-RAY TECHNIQUES
	Section A. Eddy Currents
	Section B. SQUID NDE
	Section C. Microwave NDE
	Section D. Thermal Techniques
	Section E. X-Ray Techniques and Applications

	SIGNAL PROCESSING, RECONSTRUCTION, AND CLASSIFICATION
	Section A. Signal Processing
	Section B. Reconstruction and Classification

	SENSORS, TECHNIQUES, AND SYSTEMS
	Section A. Ultrasonic Transducer Fields
	Section B. Ultrasonic Transducer Arrays
	Section C. Ultrasonic Transducers and Sensors
	Section D. Techniques and Systems

	ENGINEERED MATERIALS
	Section A. Composites
	Section B. Bonds, Films, and Coatings
	Section C. Infrastructure Materials and Systems

	MATERIALS CHARACTERIZATION
	Section A. Properties, Microstructure, and Fatigue Damage
	Section B. NDE for Ferrous Materials
	Section C. Stress and Acoustoelasticity

	NDE APPLICATIONS
	Section A. NDE for Manufacturing/Materials Process Control
	Section B. NDE for Corrosion Detection and Characterization
	Section C. NDE for Rail Defects
	Section D. Biological Applications of NDE

	BENCHMARK COMPARISONS, NDE RELIABILITY, EDUCATION, AND FUTURE DIRECTIONS
	Section A. Benchmark Problems-A Quantitative Comparison of Models
	Section B. NDE Reliability
	Section C. Education
	Section D. Future Directions


	Help
	Search
	Exit

	1308: 


