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Appendix A 



ECI-2 Corrosion Parameters 

1. Linear polarization resistance (LPR): A resistance measurement between the sacrificial 

working electrode and the surrounding concrete. This measurement is related to the 

corrosion rate in mm/year of the reinforcement. The LPR measurement is accomplished 

using the ECI-2 sacrificial black steel working electrode, stainless steel counter electrode, 

and Manganese Dioxide (MnO2) reference electrode. The LPR measurement uses the 

black steel working electrode which corrodes at the same rate as black steel reinforcement 

rod. The ECI-2 measures the corrosive nature of the embedded environment surrounding 

the instrument, rather than the corrosion rate of the structural steel itself. 

2. Resistivity: Resistivity gives an indication of the moisture content of the concrete, which 

is an important factor for corrosion to occur, the ECI-2 uses four stainless steel wire 

electrodes to perform the resistivity measurements. 

3. Open Circuit Potential (OCP): The electrochemical potential between the sacrificial black 

steel working electrode and the MnO₂ reference electrode measured in Volts as the 

corrosion rate increases, the OCP becomes more negative. 

4. Temperature: The ECI-2 uses an internal semiconductor temperature sensor to measure the 

temperature (in Celsius). 

5. Chloride Level: The ECI-2 measures the potential between an ion specific Silver/ Silver 

Chloride (Ag/AgCl) wire electrode and the MnO₂ reference electrode. These measurements 

are in volts. As concrete chloride concentration increases the voltage becomes more highly 

negative. 
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Executive Summary 

On July 19, 2016, BDI and Infrasense performed a thorough visual inspection, acoustic hammer 
sounding, ground penetrating radar (GPR), half- cell potential (HCP), and impact echo testing on two 
bridge deck specimen for the University of South Carolina (USC).  Preliminary conclusions include: 

1. Aside from remaining bituminous overlay, the initial visual inspection indicates that the elevated 
slab is in good condition. 

2. Analysis of the ground penetrating radar data indicates good reflective characteristics from almost 
all areas, indicating a relatively small amount of reinforcing steel deterioration. 

3. Analysis of the half-cell potential results indicate that there is little to no active corrosion ongoing 
in the specimen. 

4. Analyses of the Impact Echo results indicate the presence of several localized delaminations that 
were confirmed by acoustic sounding.  These areas are most likely from bituminous debonding. 

5. Analysis of the Infrared Thermography indicate the presence of several localized surface 
delaminations, most likely synonymous with bituminous overlay debonding. 
 

Introduction and Background 

The two specimen are from a South Carolina bridge believed to have been constructed in or around 
1953.  They are both currently stored, and were tested, in the USC Structures and Materials Research 
Laboratory.  Both slabs are approximately 14’-11” in length, 5’-5” in width, and 8” in depth (Figure 1).  
Both had a layer of bituminous overlay; slab 1 with between 0.5 and 1 inch of overlay and Slab 2 with 4 
inches of overlay.  The majority of the overlays had been removed prior to testing.  At the time of this 
report, it is thought that neither slab was exposed to deicing salts during its service life and that the 
average daily truck traffic (ADTT) was also reported as low.  For these reasons, both slabs were 
anticipated to be in relatively good condition prior to testing. 

The corrosion process in concrete is an electrochemical reaction that occurs on a molecular basis. The 
process begins when steel is placed into the electrolytic concrete material. During this initial reaction, a 
layer of positive ions forms on the surface of the steel to create a passive protection from the surrounding 
material. In concrete material with a high concentration of chloride, a process occurs that draws the 
negative chloride ions to the positive charge of the passive layer. This process forms a half-cell in which a 
constant flow of electrons occurs. As the steel begins to go through the stages of corrosion, a layer of 
oxidized material, rust, forms around the steel. Because Iron Oxide has a larger cross section than the 
original steel reinforcement, tensile forces develop in the surrounding concrete and the concrete cracks. 
As these cracks coalesce, large areas of horizontal delaminations occur that eventually spall. This entire 
process can be measured using a variety of nondestructive testing (NDT) techniques (Figure 2). 



 

 

		 	 	

Figure 1 – Left to Right – Slab 1 and Slab 2; Origin (Test Point A1 at Upper Left Hand Corner  
of Both Slabs). 

 

 

Figure 2 – NDT to Identify Varying Concrete Conditions 



 

 

Testing Activities and Results 

Overview 

On July 19, 2016, BDI and Infrasense (BDII) performed a thorough visual inspection, acoustic hammer 
sounding, ground penetrating radar (GPR), half- cell potential (HCP), infrared thermography, and impact 
echo testing on two bridge deck specimen for the University of South Carolina (USC).   

Visual Inspection and Acoustic Testing 

BDI performed a thorough visual inspection of the two concrete deck specimen. Aside from areas of 
leftover bituminous overlay, the visual inspection did not reveal any areas with significant degradation. To 
further validate visual inspections and to identify areas where delaminations of the concrete have 
occurred, acoustic testing using the hammer sounding technique was performed.  

Ground Penetrating Radar 

Ground penetrating radar operates by transmitting short pulses of electromagnetic energy into the 
pavement using an antenna attached to a survey vehicle. These pulses are reflected back to the antenna 
with an arrival time and amplitude that is related to the location and nature of dielectric discontinuities in 
the material (air/asphalt or asphalt/concrete, reinforcing steel, etc.). The reflected energy is captured and 
may be displayed on an oscilloscope to form a series of pulses that are referred to as the radar signal. 
The signal contains a record of the properties and thicknesses of the layers within the deck, as shown 
schematically in Figure 3. 

Bridge deck deterioration can be inferred from changes in the dielectric properties and attenuation of the 
GPR signal in concrete (see Maser and Roddis, 1990; SHRP C-101, ASTM D 6087-08). GPR was 
originally developed for overlaid decks, since access to the structural concrete surface via other 
traditional methods is limited. The concepts have been shown to work equally well on non-overlaid decks. 
The variation of the dielectric constant of the deck concrete is used as one measure of deterioration 
(Maser, 1990). The dielectric constant is a measure of density, chloride and moisture content, and large 
variations in the dielectric constant can indicate concrete scaling. Where there is an overlay, these 
variations can also indicate advanced stages of overlay debonding.  

A vacuum theoretically has a dielectric permittivity of 0 and would allow a complete transfer of these 
waves, and a perfect conductor would have an infinite dielectric permittivity and cause a perfect reflection 
of the waves. Air and steel act similarly to these cases, respectively, and as a result, GPR can be used to 
identify steel reinforcement in structural concrete elements. Additionally, as the corrosion process occurs 
and iron oxide is formed, the dielectric properties of the material changes and the attenuation of the GPR 
signal is affected. The attenuation (loss of signal strength) of the radar signal, as measured from the top 
rebar reflection and/or the bottom of the deck, is used as a measure of concrete delamination. This is 
because contaminated and delaminated concrete will cause the GPR signal to dissipate and lose strength 
as it travels through the deck and reflects back from the rebar and the bottom.  

Ground Penetrating Radar (GPR) testing was performed to determine areas of relative levels of steel 
corrosion and areas of additional delamination activity. A GSSI 2.6 GHz GSSI antenna was used to send 
electromagnetic microwaves through the concrete. A 1’ x 1’ grid was established for GPR, HCP, and IE 
testing and was performed on the top surface of the specimen (Figure 4). Analysis of GPR measurements 
indicate relatively low levels of corrosion in both slabs (Figure 5). Figure 5 indicates presents relative 
levels of deterioration based on the attenuation of measured radar signals.  Areas with a value of 0 
indicate those areas with the highest likelihood of deterioration due to corrosion of the reinforcing steel.  



 

 

However, as the slab was found to be in relatively good condition, these areas may only have the 
precursors of rebar corrosion, and not have deteriorated enough to cause delaminations. 

 

 

Figure 3 – GPR Testing 
 



 

 

 

Figure 4 – Testing Grid 
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Figure 5 – GPR Deterioration Map for Slab 1 (left) and Slab 2 (right) 
 

   

Figure 6 – Rebar Depth Map for Slab 1 (left) and Slab 2 (right) 
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Half-Cell Potential 

The nature of corrosion in structural concrete is an exchange of energy within different sections of the 
reinforcing steel. When a metal is put into an electrolyte, as when reinforcing steel is embedded into 
concrete, positive metal ions will resolve (oxidize). This produces a heavy concentration of electrons in 
the metal lattice and thus a heavy concentration of positive ions at the metal surface (originally a passive 
layer of protection). However, this concentration of positive ions attracts the negatively charged ions 
(anions) from the surrounding electrolytic material (in concrete, these negatively charged ions are 
typically Cl- and SO42- ions) and this forms a half-cell. The areas where there is a larger surplus of 
negative ions will have a higher probability of corrosion, and current will begin to flow from that area to 
areas with fewer electrons (this is the formation of a cathode). This is the process of corrosion with 
regards to steel reinforcement embedded in concrete. Another excellent thing to identify is that the 
combination of steel and concrete is a viable construction material of proven durability. In the normally 
alkaline environment, the passive layer that forms on the surface of the reinforcing steel acts as a 
protective barrier for the reinforcing steel. The mechanism that causes the corrosion in the reinforcing 
steel is a complex reaction between the protective oxide layer and any ions, typically Cl-, as mentioned 
above. Essentially, the protective layer, in the presence of chloride ions, is transformed into FE (OH2), or 
rust.  Figure 7 presents a general illustration of this concept. 

As the corrosion continues and the reinforcing steel loses cross section, an air void forms between the 
concrete and the steel (i.e. the bond between the reinforcing steel and the concrete is lost). As this 
happens, the remaining steel also begins to expand and induces tensile forces into the concrete matrix. 
Because concrete has a relatively low tensile strength, this causes the concrete to crack. At first, with 
small levels of steel corrosion and expansion, the cracks are in the form of microcracks within the 
concrete matrix itself. However, as the corrosion process continues and the reinforcing steel loses more 
cross section, these cracks coalesce and eventually form horizontal cracks that are parallel to the 
concrete surface (delaminations). Eventually these delaminations will grow to the surface and cause 
concrete spalls. Essentially, the rust product formed during the corrosion process occupies a much 
greater volume than the original steel member, tensile stresses are exerted into the surrounding concrete, 
and the concrete cracks, delaminates, and given enough time spalls (Figure 8). 

As this process of corrosion and eventually spalling occurs, the processes that cause the phenomena can 
be measured and monitored. A high concentration of ions in a material cause the material to be highly 
conductive and indicate the presence of a half-cell. The presence of a large half-cell, which would 
correspond to high probability of corrosive activity is indicated by a large negative current being present. 
This current can be measured using the half-cell potential (HCP) method (ASTM C876-09). 

Half Cell Potential (HCP) testing was with a James Instruments Cor-Map II HCP device and was 
performed on the same 1’x1’ grid as the GPR (Figure 9). HCP measurements indicate the level of 
probability of corrosion in accordance with the values presented in Table 1. Figure 10 presents a 
graphical representation of the areas corresponding to varying levels of corrosive activity as indicated by 
their HCP measurement value and Table 1. Analysis of Figure 10 indicates that little to no active 
corrosion is ongoing in the specimen, and the areas that do show active corrosion potential are localized.   
Table 2 presents measured results for the HCP tests. 



 

 

 

Figure 7 – Process of Corrosion in Structural Concrete. 
 

 

 

Figure 8 – Corrosion in Structural Concrete Leads to Cracks and Eventual Spalling. 
 

 

Figure 9 – Half Cell Potential Testing 



 

 

Table 1 – Probability of Corrosion Based on HCP Measurements 

HCP Measurement (Volts) Corrosion Activity 
> -0.200 90% probability of no corrosion 

Between -0.200 and -0.350 Increasing probability of corrosion 
< -0.350 90% probability of corrosion 

 

Table 1(a) – HCP Measurements (Volts) (Slab 1) 

 A B C D E E.5 

1 -0.001 -0.093 -0.07 -0.069 -0.115 -0.081 

2 -0.107 -0.103 -0.018 -0.09 -0.097 -0.049 

3 -0.064 -0.065 -0.089 -0.112 -0.083 -0.053 

4 -0.086 -0.102 -0.095 -0.074 -0.087 -0.051 

5 -0.102 -0.125 -0.089 -0.093 -0.072 -0.06 

6 -0.102 -0.135 -0.084 -0.083 -0.057 -0.065 

7 -0.132 -0.149 -0.101 -0.085 -0.081 -0.06 

8 -0.098 -0.147 -0.092 -0.087 -0.101 -0.055 

9 -0.096 -0.139 -0.096 -0.08 -0.07 -0.045 

10 -0.113 -0.146 -0.101 -0.053 -0.066 -0.054 

11 -0.103 -0.134 -0.083 -0.036 -0.06 -0.052 

12 -0.12 -0.123 -0.073 -0.067 -0.009 -0.001 

13 -0.073 -0.13 -0.088 -0.069 -0.064 -0.075 

14 -0.074 -0.076 -0.091 -0.081 -0.068 -0.073 

15 -0.091 -0.105 -0.083 -0.068 -0.08 -0.044 

 

 

 

 



 

 

Table 1(b) –HCP Measurements (Volts) (Slab 2) 

  A B C D E E.5 

1 -0.066 -0.048 -0.036 -0.071 -0.068 -0.071 

2 -0.063 -0.076 -0.061 -0.083 -0.069 -0.007 

3 -0.044 -0.032 0.016 0.053 0.084 -0.02 

4 0.019 0.007 -0.022 0.038 -0.048 -0.047 

5 -0.008 -0.004 0.088 0.08 -0.036 -0.035 

6 -0.002 0.116 -0.017 -0.07 -0.061 -0.061 

7 -0.01 0.098 -0.02 -0.026 -0.093 -0.093 

8 0.098 0.083 -0.022 -0.059 -0.094 -0.069 

9 0.061 -0.014 -0.048 -0.055 -0.045 -0.039 

10 0.016 -0.001 -0.025 -0.044 -0.029 -0.053 

11 -0.005 -0.033 -0.043 -0.049 0.019 -0.037 

12 -0.043 -0.019 -0.035 -0.048 -0.055 -0.061 

13 -0.083 -0.07 -0.025 -0.055 -0.054 -0.046 

14 -0.066 -0.037 -0.033 -0.035 -0.013 -0.044 

15 -0.089 -0.08 -0.072 -0.069 -0.075 -0.052 



 

 

 

Figure 10 – Half-Cell Potential Measurements for Slab 1 (left) and Slab 2 (right) 
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Impact Echo Testing 

Impact-echo is an ultrasonic method that involves impacting the structure and measuring the dynamic 
response. For concrete slabs and walls, the elastic wave travels from the front surface to the back 
surface, reflects off the back surface back to the front surface, and continues this reverberation pattern as 
shown in Figure 11. The equipment used to make this measurement measures the resonant frequency.  
This resonant frequency, referred to as the "thickness resonance", is directly related to the concrete 
velocity and thickness according to Equation 1:  

𝑉# = 𝑓𝜆      (Eq. 1) 

where:  Vp = Compression wave velocity of the material, 

  f = Measured frequency, and 

  l = Wavelength or double the depth (2L). 

The impact echo testing was carried out according to ASTM C1383-04 using an Olson Instruments NDE-
360 unit on the testing grid presented in Figure 11. 

The impact-echo test provides a resonant frequency associated with the thickness of the deck slab. If the 
slab is intact, the thickness data is clear, and should correspond with the expected slab thickness. If the 
slab is delaminated, the thickness data is unclear and generally does not correspond to the thickness of 
the slab. Figure 12 provides example data from both sound and delamination locations. Note that the 
thickness scale on these plots is in feet. The thickness in plot (a) corresponds to the expected thickness 
(sound), where the thickness in plot (b) is very different (delaminated).  The impact-echo results are 
presented in Figure 13 and Table 2. 

Analysis, specifically for Slab 2, resulted in several test points with values larger than the thickness of the 
slab.  These values correspond to a very low frequency measurement.  In these instances, Equation 1 
does not hold true as the dominant frequency measured is no longer that of the elastic wave 
reverberating through the thickness of the slab.  Instead, the frequency measured is synonymous with the 
flexural mode of a thin layer (delamination or debonding) near the surface.  For this reason, these values 
should be interpreted as a shallow delamination or debonding of the asphalt layer rather than a 
delamination in the slab.  Values presented in Table 2 are consistent with this theory. 



 

 

	

	 Figure 11 – Impact-Echo Measurements 
 

	

Figure 12(a) – Sample Impact-Echo Data Showing Expected Thickness (sound) 
	

	

Figure 12(b) – Sample Impact-Echo Data Showing Delamination/ Overlay Debonding 
	



 

 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 13 – Impact Echo Results for Slab 1 (left) and Slab 2 (right) 
 

 

 

 

 

 

 

 



 

 

Table 2 – Impact Echo Results for Slab 1 (left) and Slab 2 (right) 

			 	

	 	

Slab	1

Offset Station IE	test	#

Resonant	

Frequency	(Hz) Thickness	(in)

A 1 1 4981 Shallow

B 1 2 7910 7.7

C 1 3 8203 7.4

D 1 4 8008 7.6

E 1 5 7227 8.4

A 2 6 9570 6.4

B 2 7 8106 7.5

C 2 8 7813 7.8

D 2 9 7324 8.3

E 2 10 7129 8.5

A 3 11 8203 7.4

B 3 12 7813 7.8

C 3 13 7715 7.9

D 3 14 7324 8.3

E 3 15 6836 8.9

A 4 16 7910 7.7

B 4 17 7617 8.0

C 4 18 7617 8.0

D 4 19 7422 8.2

E 4 20 6934 8.8

A 5 21 7715 7.9

B 5 22 7324 8.3

C 5 23 7031 8.7

D 5 24 7031 8.7

E 5 25 6836 8.9

A 6 26 7813 7.8

B 6 27 7324 8.3

C 6 28 7324 8.3

D 6 29 7324 8.3

E 6 30 7520 8.1

A 7 31 7617 8.0

B 7 32 7227 8.4

C 7 33 7227 8.4

D 7 34 7324 8.3

E 7 35 7129 8.5

A 8 36 7617 8.0

B 8 37 7227 8.4

C 8 38 7227 8.4

D 8 39 7422 8.2

E 8 40 7129 8.5

A 9 41 7813 7.8

B 9 42 7520 8.1

C 9 43 7324 8.3

D 9 44 7813 7.8

E 9 45 8008 7.6

A 10 46 7617 8.0

B 10 47 7422 8.2

C 10 48 7422 8.2

D 10 49 7910 7.7

E 10 50 7715 7.9

A 11 51 7715 7.9

B 11 52 7520 8.1

C 11 53 7617 8.0

D 11 54 7910 7.7

E 11 55 7910 7.7

A 12 56 7813 7.8

B 12 57 7715 7.9

C 12 58 7813 7.8

D 12 59 8008 7.6

E 12 60 8203 7.4

A 13 61 7910 7.7

B 13 62 7813 7.8

C 13 63 8008 7.6

D 13 64 8301 7.3

E 13 65 8008 7.6

A 14 66 8106 7.5

B 14 67 8203 7.4

C 14 68 8301 7.3

D 14 69 8203 7.4

E 14 70 8008 7.6

Slab	2

Offset Station IE	test	#
Resonant	

Frequency	(Hz) Thickness	(in)
A 1 71 8984 6.9
B 1 72 8008 7.7
C 1 73 8203 7.5
D 1 74 5176 Shallow
E 1 75 5664 Shallow
A 2 76 2344 Shallow
B 2 77 4590 Shallow
C 2 78 3711 Shallow
D 2 79 2344 Shallow
E 2 80 15723 3.9
A 3 81 2832 Shallow
B 3 82 2832 Shallow
C 3 83 8203 7.5
D 3 84 6738 Shallow
E 3 85 6055 Shallow
A 4 86 6934 8.9
B 4 87 4395 Shallow
C 4 88 7813 7.9
D 4 89 7617 8.1
E 4 90 7617 8.1
A 5 91 7422 8.3
B 5 92 8008 7.7
C 5 93 7227 8.5
D 5 94 7422 8.3
E 5 95 6738 Shallow
A 6 96 9180 6.7
B 6 97 7617 8.1
C 6 98 7910 7.8
D 6 99 8008 7.7
E 6 100 7715 8.0
A 7 101 7813 7.9
B 7 102 8008 7.7
C 7 103 8203 7.5
D 7 104 8008 7.7
E 7 105 5859 Shallow
A 8 106 8008 7.7
B 8 107 8008 7.7
C 8 108 8008 7.7
D 8 109 8203 7.5
E 8 110 7813 7.9
A 9 111 8008 7.7
B 9 112 8008 7.7
C 9 113 7813 7.9
D 9 114 8008 7.7
E 9 115 7422 8.3
A 10 116 6836 Shallow
B 10 117 8106 7.6
C 10 118 8106 7.6
D 10 119 8203 7.5
E 10 120 8203 7.5
A 11 121 6445 Shallow
B 11 122 8008 7.7
C 11 123 7715 8.0
D 11 124 7910 7.8
E 11 125 7422 8.3
A 12 126 4492 Shallow
B 12 127 8106 7.6
C 12 128 7227 8.5
D 12 129 12598 4.9
E 12 130 9375 6.6
A 13 131 6641 Shallow
B 13 132 6934 8.9
C 13 133 4492 Shallow
D 13 134 10449 5.9
E 13 135 8984 6.9
A 14 136 5078 Shallow
B 14 137 4395 Shallow
C 14 138 3027 Shallow
D 14 139 3027 Shallow
E 14 140 8203 7.5



 

 

Infrared Thermography 

The Infrared Thermography testing was carried out according to ASTM D 4788 – 03 (2013) using a 640 x 
480 pixel FLIR Systems Model A-655sc infrared camera and a high resolution visual camera (Figure 14). 
A photo of the infrared data collection setup is presented in Figures 15 and 16. Data was collected at 
approximately 11am and 3pm EDT, ensuring maximum temperature differentials caused by delamination.  

The infrared data was reviewed simultaneously with the video data to differentiate delaminated areas 
from surface features (discoloration, oil stains, sand and rust deposits, etc.) that appear in the infrared, 
but are unrelated to subsurface conditions.  Figures 15 and 16 show the infrared and visual data for Slabs 
1 and 2 respectively. The images show that most, if not all of the thermal anomalies have a 
corresponding condition on the visual images (debris, remaining binder, staining, etc.). The darker the 
color of the deck surface, the higher the emissivity and corresponding surface temperature. Therefore, 
areas of the slabs where the binder / overlay were not fully removed are relatively higher temperature 
than areas of bare concrete.  Because of the variation in material on the surface, it is difficult to accurately 
interpret the infrared images.   

 

 

Figure 14 – Infrared Thermography Measurements 
 



 

 

 

 

 

Figure 15 – Infrared Thermography Results for Slab 1 
  



 

 

 

 

 

Figure 16 – Infrared Thermography Results for Slab 2 
  



 

 

Conclusions and Recommendations 

On July 19, 2016, BDI and Infrasense performed a thorough visual inspection, acoustic hammer 
sounding, ground penetrating radar (GPR), half- cell potential (HCP), infrared thermography, and impact 
echo testing on two bridge deck specimen for the University of South Carolina (USC).  Preliminary 
conclusions include: 

1. Aside from remaining bituminous overlay, the initial visual inspection indicates that the slabs are 
in good condition. 

2. Analysis of the ground penetrating radar data indicates good reflective characteristics from almost 
all areas, indicating a relatively small amount of reinforcing steel deterioration. 

3. Analysis of the half-cell potential results indicate that there is little to no active corrosion ongoing 
in the specimen. 

4. Analyses of the Impact Echo results indicate the presence of several localized delaminations that 
were confirmed by acoustic sounding.  These areas are most likely from bituminous debonding. 

5. Analysis of the Infrared Thermography indicate the presence of several localized surface 
delaminations, most likely synonymous with bituminous overlay debonding.  However, the 
variation in surface materials made interpretation of the infrared data difficult.  

Both concrete specimen indicated very little corrosion probability and/or delamination due to cross section 
loss of the reinforcing steel.  Some debonding of the bituminous overlay was found.  However, this 
debonding is most likely not natural in occurrence, but due to the removal of the overlay for testing.   

As the specimen are both in good condition, it is recommended that accelerated condition protocols be 
implemented to induce corrosion on the reinforcing steel.  After corrosion has been induced, multiple 
additional rounds of nondestructive testing should be performed to show the value of the tests as a 
function of deterioration.  The bituminous overlay should be completely removed to allow for more 
consistent testing.  Existing tests should be used as a set of baseline measurements that can be 
compared to future, additional tests that should be performed after the induced corrosion. 
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Executive Summary 

On May 26th, 2017, BDI’s partner, Infrasense, performed Phase I of a two phase nondestructive 
evaluation of four (4) select bridge decks near Columbia, SC.  The Phase I scanning methods 
included infrared thermography (IR), ground penetrating radar (GPR), and high resolution video 
(HRV). Utilizing jointly developed proprietary data analysis software, BDI and Infrasense 
performed the analysis of the Phase I data.  Conclusions and recommendations include: 

1. Analysis of GPR measurements indicate low levels of rebar cover with averages ranging 
from 1.7 inches to 2.7 inches. GPR amplitude analysis also indicates a large amount of 
deterioration.  Possible deterioration values range from 7.8% to 58.0% of the bridge 
deck.  Amplitudes also varied in level of severity of deterioration. 

2. Analysis of IR and HRV identified multiple locations of delamination, patching, and 
spalling on all structures.  Delamination values ranged from 3.4% to 17%, patching 
amounts ranged from 0.5% to 21.8%, and all spalling amounts were less than 0.2% of 
the bridge deck. 

3. Structures 3270010600200, 4020002100300, 404055510210, and 404055530210 are in 
poor condition with total combined defects ranging from 44.9% to 66.2% of the bridge 
deck.  Structure 3270003400300 had combined defects of 10.3%.  

4. BDI recommends the following lanes for Phase II validation testing:  
a. Structure 4040055510210 - Southern most lane between bents 2 and 3. 
b. Structure 4040055530210 - Northern most lane between the North Abutment and 

bent 4 (assuming deck reconstruction has not taken place). 
c. Structure 4020002100300 – West direction, southern most lane between bents 2 

and 3. 
d. Structure 3270010600200 – Western most lane between bents 4 and 3. 
e. Structure 3270003400300 – Southern most lane between bents 5 and 4. 

5. The data collected by the air-coupled GPR, IR, and HRV video deployed during the 
Phase I inspection proves to provide a high-resolution dataset that will allow UofSC to 
identify a network level, state wide, inspection method that can quickly and accurately 
determine the condition rating of bridge decks.  This method will potentially allow South 
Carolina Department of Transportation (SCDOT) to identify which bridges need to be 
prioritized for project level inspection and possible maintenance.  

Introduction and Background 

On April 12, 2017, the University of South Carolina (UofSC) secured BDI’s services to perform a 
two phase nondestructive evaluation (NDE) of four (4) bridge decks near Columbia, SC (Table 
1).  Previous visual inspection indicates heavy degradation in all of the bridge decks, with the 
exception of structure 327003400300.  While rebar cover has been thought to be a possible 
cause of this degradation, to date, the exact reason has been unidentified.   
 
The objective of this Phase I Draft Report is to present the preliminary results of the Phase I 
inspection and propose ideal locations for Phase II validation testing.  
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Table 1 – Bridge List 

Structure Number Feature On Feature Over 

4040055510210 SC-555 NB I-77 

4040055530210 SC-555 SB I-77 

4020002100300 US-21 I-20 

3270010600200 S-106 I-20 

3270003400300 S-34 I-20 

 
 
Testing and Analysis Activities 

OVERVIEW 

 
On May 26th, 2017, BDI’s partner, Infrasense, performed a nondestructive evaluation of the four 
(4) bridge decks near Columbia, SC.  The deck condition evaluations were carried out using 
infrared thermography (IR), ground penetrating radar (GPR), and high resolution video (HRV).  
Utilizing jointly developed proprietary data analysis software, BDI and Infrasense performed the 
analysis of these collected data. 
 
GROUND PENETRATING RADAR (GPR) 

The GPR surveys were carried out in accordance with ASTM D 6087-08 using twin air-coupled 
2GHz horn antennas suspended above the bridge surface (Figure 1). The GPR data is collected 
in a series of lines spaced 3 feet transversely across the width of each deck at a speed of 
approximately 55 mph. All decks required multiple lines of data, each representing a cross 
sectional slice of the deck at a particular offset. Using a distance measurement instrument 
(DMI), a rotary encoder, distance data is continuously recorded into each GPR record, so that 
each GPR data scan has an associated distance.  

 
Ground penetrating radar operates by transmitting short pulses of electromagnetic energy into 
an elastic material using an antenna attached to a survey vehicle. These pulses are reflected to 
the antenna with an arrival time and amplitude that is related to the location and nature of 
dielectric discontinuities in the material (air/asphalt or asphalt/concrete, reinforcing steel, etc.). 
The reflected energy is captured and may be displayed on an oscilloscope to form a series of 
pulses that are referred to as the radar signal. The signal contains a record of the properties and 
thicknesses of the layers within the structural member.  By combining each sampled signal from 
the survey vehicle into a single image, features within the structural member can be identified.   
 
The GPR analysis is carried out with GSSI’s commercial software Radan 7, along with 
proprietary software, using the following steps: 
 

(1)  Identification of the beginning and the end of the deck in each radar file, and check of 
the radar distance measurement against the known length and other features within the 
deck; 
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(2)  Identification of features (top rebar, bottom of deck) that appear as dielectric 
discontinuities in the GPR data (see example data, Figures 2-4); 

(3)  Setup of the analysis for all the passes for a given deck, computation of concrete 
dielectric constant, rebar depth, and amplitude at the rebar-level.  

 
Structural concrete deterioration can be inferred from changes in the dielectric properties and 
attenuation of the GPR signal in concrete. The dielectric constant is a measure of density, 
chloride and moisture content, and large variations in the dielectric constant can indicate 
concrete degradation.  
 
A vacuum theoretically has a dielectric permittivity of 0 and would allow a complete transfer of 
these waves, and a perfect conductor would have an infinite dielectric permittivity and cause a 
perfect reflection of the waves. Air and steel act similarly to these cases, respectively, and thus, 
GPR can be used to identify steel reinforcement in structural concrete elements. Additionally, as 
the corrosion process occurs and iron oxide is formed, the dielectric properties of the material 
changes and the attenuation of the GPR signal is affected. The attenuation (loss of signal 
strength) of the radar signal, as measured from the top rebar reflection and/or the bottom of the 
deck, is used as a measure of concrete delamination. This is because contaminated and 
delaminated concrete will cause the GPR signal to dissipate and lose strength as it travels 
through the deck and reflects from the rebar and the bottom.  
 
 

 
 

Figure 1 - GPR Survey Equipment 

 

 

GPR antennas 
DMI 
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Figures 2-4 present examples of GPR data used for mapping rebar-depth, evidence of moisture 
at the rebar-level, and deterioration. Figure 2 is a sample of GPR data showing reasonably 
consistent rebar reflections that appear to shift in depth between two adjacent spans.  Figure 3 
provides a sample of GPR data showing an area of relatively high amplitude rebar reflections, 
which are indicative of moisture. The moisture interpretation is based on the amplitude of the 
GPR signal at the rebar level, so the moisture may exist at any depth between the surface and 
the rebar.  The moisture is defined as the highest amplitude GPR reflections, which typically 
indicate the presence of moisture.  The potential for moisture designation is based on subjective 
analysis of the data set.  Regions that correlate to higher amplitude GPR reflections, but are not 
at the highest amplitude, are considered to have the potential for moisture content.  Similarly, 
Figure 4 presents areas with a lower amplitude GPR reflections.  These areas are indicative of 
possible deterioration of the rebar level and subsequent degradation of the bridge deck.  Once 
these areas are identified, an amplitude range is established with thresholds for moisture 
presence and potential for degradation.  The data is then analyzed and presented in the form of 
contour plots (Figure 5). 
 

 
Figure 2 - Sample GPR Data Showing Consistent Rebar Reflections and Varying Depths 

 



 

 

7 

 
Figure 3 - Sample GPR Data Showing Evidence of Moisture at the Bottom of the Overlay 
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Figure 4 – Sample GPR Bridge Data 
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(a) 

 

 

 
(b) 

 
 Figure 5 – Sample GPR Bridge Results Identifying Deteriorated Areas (a) and Rebar Cover (b)  
 
 

INFRARED THERMOGRAPHY (IR) AND HIGH RESOLUTION VIDEO (HRV) 

 
The infrared thermography survey was carried out in accordance with ASTM D 4788 – 03 
(2013) using a 640 x 480 pixel FLIR Systems Model A655sc infrared camera and a Sony – 
Alpha a 74K resolution video camera, both mounted to an elevated platform on top of the survey 
vehicle and operated remotely from within the vehicle (Figure 6).  
 
The infrared and video data were collected in a series of passes across each deck, moving at 
approximately 55 mph. The survey required multiple passes along each deck. Each pass covers 
a deck width of 12 to 15 feet. The cameras are connected to the DMI and set to record an 
image for every foot of travel.  
 
The infrared data is reviewed simultaneously with HRV data to differentiate delaminated areas 
from surface features (discoloration, oil stains, sand and rust deposits, etc.) that appear in the 
infrared, but are unrelated to subsurface conditions.  Delaminations typically appear as white 
blotchy areas on the IR image. These are "hot spots" where the surface temperatures are 
higher due to the thermal barrier produced by the delaminations.  Surface staining / 
discoloration can also produce “hotspots" unrelated to subsurface conditions. The darker the 
color of the deck surface, the higher the emissivity and corresponding surface temperature.  
 
Figure 7 presents an example of a patched area as it appears in a single image of infrared data 
and in the corresponding visual data. For analyzing this data, proprietary software automates 
the process of taking horizontal slice from each infrared and visual image, and calibrating it so 
that an area of 1 foot is captured in the direction of travel. Sequential slices are then 
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automatically stitched together to create a single strip image for each pass of both the infrared 
and visual data. The strip images for each pass are placed next to those of adjacent passes to 
produce composite visual and thermal images of the entire deck as presented in Figure 8.  
While Figure 8 is a compressed example, the final deliverable provided to UofSC will be of 4K 
resolution, allowing for the identification and mapping of 1 mm size cracks.  
 
Finally, composite images such as those presented in Figure 3 are analyzed to identify 
delaminations, which are outlined with a cursor. These outlined areas are then quantified and 
used to create final plan area maps (Figure 9).  
 
 
         

   
 

Figure 6 - Infrared and Video Survey Equipment 
 
 

   
 

Figure 7 -  Sample Infrared and Visual images 

Infrared and Video Cameras 
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(a) 
 
 

 
 

(b) 
 

Figure 8 – Sample Stitched (a) IR and (b) HRV Images 
 

 

 
 

Figure 9 – Sample Finalized Plan Area Map Showing IR Delaminations, Visual Patches, and 
Spalling 

 
 
Results 

GPR, IR, and HRV data were combined to produce contour maps of each bridge deck 
inspected.  GPR results are presented to display severity of degradation and rebar cover.  
Infrared and HRV data are presented to display delaminations, patching, and spalling.  
Summarized results for all bridges are presented in Table 2.  Results for all structures are 
presented in Appendix A-E.   
 
 

Delaminated areas 
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Conclusions and Recommendations 

On May 26th, 2017, BDI’s partner, Infrasense, performed Phase I of a two phase nondestructive 
evaluation of four (4) select bridge decks near Columbia, SC.  The Phase I scanning methods 
included infrared thermography (IR), ground penetrating radar (GPR), and high resolution video 
(HRV). Utilizing jointly developed proprietary data analysis software, BDI and Infrasense 
performed the analysis of the Phase I data.  Conclusions and recommendations include: 

1. Analysis of GPR measurements indicate low levels of rebar cover with averages ranging 
from 1.7 inches to 2.7 inches. GPR amplitude analysis also indicates a large amount of 
deterioration.  Possible deterioration values range from 7.8% to 58.0% of the bridge 
deck.  Amplitudes also varied in level of severity of deterioration. 

2. Analysis of IR and HRV identified multiple locations of delamination, patching, and 
spalling on all structures.  Delamination values ranged from 3.4% to 17%, patching 
amounts ranged from 0.5% to 21.8%, and all spalling amounts were less than 0.2% of 
the bridge deck. 

3. Structures 3270010600200, 4020002100300, 404055510210, and 404055530210 are in 
poor condition with total combined defects ranging from 44.9% to 66.2% of the bridge 
deck.  Structure 3270003400300 had combined defects of 10.3%.  

4. BDI recommends the following lanes for Phase II validation testing:  
a. Structure 4040055510210 - Southern most lane between bents 2 and 3. 
b. Structure 4040055530210 - Northern most lane between the North Abutment and 

bent 4 (assuming deck reconstruction has not taken place). 
c. Structure 4020002100300 – West direction, southern most lane between bents 2 

and 3. 
d. Structure 3270010600200 – Western most lane between bents 4 and 3. 
e. Structure 3270003400300 – Southern most lane between bents 5 and 4. 

5. The data collected by the air-coupled GPR, IR, and HRV video deployed during the 
Phase I inspection proves to provide a high-resolution dataset that will allow UofSC to 
identify a network level, state wide, inspection method that can quickly and accurately 
determine the condition rating of bridge decks.  This method will potentially allow South 
Carolina Department of Transportation (SCDOT) to identify which bridges need to be 
prioritized for project level inspection and possible maintenance.  

ft2 % ft2 % ft2 % ft2 % ft2 % Avg.	(in.) Std	(in.)
4040055510210 2204 17 7505.8 58 1222.2 9.4 27.4 0.2 8579.6 66.2
4040055530210 578.1 8.6 5498.5 47.8 1467.6 21.8 5.5 0.1 6494.7 56.4 2.6 0.4
4020002100300 527.3 3.4 4844.2 34.6 3195.3 20.7 18.8 0.1 6909 44.9 1.7 0.4
3270010600200 441.7 6.7 3183.7 84.3 730.7 11.1 6.5 0.1 6538.6 53.6 2.2 0.3
3270003400300 473 3.6 1020.7 7.8 72.1 0.5 0 0 1360 10.3 2.7 0.5

Structure
Rebar	CoverSpallingPatchingDeteriorationDelamination	 Combinded	Defects
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APPENDIX A – STRUCTURE 4040055510210  

NORTHBOUND SC-555 OVER I-77 
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APPENDIX B – STRUCTURE 4040055530210  

SOUTHBOUND SC-555 OVER I-77 

 
*The southern most lane of Structure 4040055530210 was not scanned with IR/HRV due to construction. 
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APPENDIX C – STRUCTURE 4020002100300 

US-21 OVER I-20 
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APPENDIX D – STRUCTURE 3270010600200 

S-106 OVER I-20 
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APPENDIX E – STRUCTURE 3270003400300 

S-34 OVER I-20 
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Executive Summary 

In May and December of 2017 BDI performed nondestructive testing of four (4) select bridge 
decks in Richland and Lexington counties, SC as part of a two-phase nondestructive evaluation 
(NDE) of the structures.  The testing methods included ground penetrating radar (GPR), infrared 
thermography (IR), high-resolution video (HRV), BDI’s deck acoustic response system, 
SounDAR and chloride ion penetration. Utilizing jointly developed proprietary data analysis 
software, BDI and Infrasense performed the analysis of the data.  Conclusions include: 

 
1. GPR results indicate that 34.6%, 58%, 48.3% and 7.8% of structures 4020002100300, 

404055510210, 3270010600200 and 3270003400300, respectively, have a high 
probability of deterioration at the rebar level. 

2. IR results combined indicate that 3.4%, 17%, 6.7% and 3.6% of structures 
4020002100300, 404055510210, 3270010600200 and 3270003400300, respectively are 
delaminated.  

3. High-Resolution Video results indicate 20.8 %, 9.6%, 11.2% and 0.5% of patching and 
spalling in structures 4020002100300, 404055510210, 3270010600200 and 
3270003400300, respectively.  

4. Rapid Chloride penetration tests indicate that structures 4020002100300, 404055510210, 
3270010600200 and 3270003400300 had maximum percentages of chlorides by weight 
of concrete of 0.165% (0.25lbf/ft3), 0.022% (0.03lbf/ft3), 0.275% (0.41lbf/ft3) and 0.12% 
(0.18lbf/ft3) 

5. Sounding results (chain drag + SounDAR) indicate that 16.6%, 31.9%, and 10% of 
structures 4020002100300, 3270010600200 and 3270003400300, respectively, have 
indications of horizontal cracking. Sounding was not used on structure 404055510210. 

Introduction and Background 

On April 12, 2017, the University of South Carolina (UofSC) secured BDI’s services to perform a 
two phase nondestructive evaluation (NDE) of four (4) bridge decks near Columbia, SC (Table 
1).  Previous visual inspection indicates heavy degradation in all of the bridge decks, with the 
exception of structure 327003400300.  While rebar cover has been thought to be a possible 
cause of this degradation, to date, the exact reason has been unidentified.   
 
On May 26th, 2017, BDI’s partner, Infrasense, performed a nondestructive evaluation of the four 
(4) bridge decks near Columbia, SC as part of the first phase of this NDE.  The deck condition 
evaluations were carried out using infrared thermography (IR), ground penetrating radar (GPR), 
and high resolution video (HRV).  Utilizing jointly developed proprietary data analysis software, 
BDI and Infrasense performed the analysis of these collected data and reported them to the 
UofSC.  The report titled “UofSC Feasibility Deck Study Phase I Draft Report rev. 1” includes 
the detailed testing data and results from the Phase I study. 
 
Table 1 – Bridges Identified for Study 
 

Bridge ID Feature On Feature over County 

4020002100300 US-21 I-20 Richland 

404055510210 SC-555 I-77 Richland 

3270010600200 S-106 I-20 Lexington 

3270003400300 S-34 I-20 Lexington 

 

 



 

 

After reviewing the Phase I report with the UofSC, the following recommendations were made for 
Phase II validation testing.  
 

1. Perform acoustic sounding manually and utilizing BDI’s deck acoustic response system 

(SounDAR), and perform chloride penetration testing at select locations at the following 

locations: 

a. Structure 404055510210 - Southern most lane between bents 2 and 3. 

b. Structure 404055530210 - Northern most lane between the North Abutment and 

bent 4 (assuming deck reconstruction has not taken place). 

c. Structure 4020002100300 – West direction, southern most lane between bents 2 

and 3. 

d. Structure 3270010600200 – Western most lane between bents 4 and 3. 

e. Structure 3270003400300 – Southern most lane between bents 5 and 4. 

In addition to the scope identified above, BDI also assisted UofSC with extracting multiple cores 
from the Structures 4020002100300, 3270010600200, and structure 3270003400300.   
 

Testing and Analysis Activities 

OVERVIEW 
 
On December 11-13, 2018, 2018 BDI performed Phase II testing on the bridges.  BDI performed 
testing including manual chain drag, SounDAR, and chloride ion penetration testing.  Utilizing 
proprietary data analysis software, BDI performed the analysis of all collected data. 
 
At the time of the Phase II inspection, the decks of bridges 404055510210 and 404055530210 
had been replaced, so only ground couple GPR was performed and limited chloride concentration 
testing was performed on these two decks. 
 

DECK ACOUSTIC RESPONSE (DAR) 

Typically, acoustic methods using a low strain, stress wave are used to interrogate the integrity 
of concrete structures.  This includes a variety of methods including traditional methods such as 
hammer sounding and chain drag as well as nondestructive techniques such as impulse 
response and impact echo.  While the impulse response method utilizes the response of a 
known impulse, the IE method measures the frequency response induced from the dynamic 
impact of the structure.  Using a small ball peen hammer or steel spheres, the concrete surface 
is struck, and the dynamic response is recorded on a high-speed data acquisition unit.  Time 
domain data is transferred into the frequency domain using a Fast Fourier Transform (FFT), and 
the frequency domain is analyzed to determine the velocity of the concrete, depth of the slab, 
location of delaminations, or all three. During this procedure, multiple wave form types are 
analyzed to determine the location of delaminated areas.  Similarly, the human ear detects 
similar changes in frequency during investigation using hammer sounding and chain drag 
techniques.  Researchers have found that chains of specific type induce a consistent dynamic 
response from concrete decks, and by recording the response from this dynamic force, the 
effects of manual chain drag can be automated.  Manual chain drag was carried out only on the 
south bound right lane between bents 2 and 3 of 4020002100300, the south bound lane and 
shoulder between bents 3 and 4 of 3270010600200, and the east bound lane and shoulder 
between bents 4 and 5 of 3270003400300.   
 



 

 

The deck acoustic response (DAR) method utilizes a combination of these techniques.  Chains 
are drug across the bridge deck and the acoustic response is recorded by free field microphones.  
The microphones record sound and vibration amplitudes as a function of time, and that data is 
transferred into the frequency domain for analysis.  
 
Using similar analysis techniques as those described in ASTM 4580 and C1383, the Standard 
Practice for Measuring Delaminations in Concrete Bridge Decks by Sounding and the Standard 
Test Method for Measuring P-wave Speed and Thickness of Concrete Plates Using the Impact-
Echo Method, respectively, areas of delaminations are identified.   

Table 2 presents the probable deterioration measured with manual chain drag and SounDAR.  
Appendices A-C provide detailed sounding results for bridges 4020002100300, 3270010600200 
and 3270003400300, respectively.   
 
Table 2 – Sounding Results 
 

Bridge ID Manual Chain Drag Delamination (%) SounDAR Delamination (%) 

4020002100300 4.4 12.2 

3270010600200 4.6 27.3 

3270003400300 1.3 8.7 

 
RAPID CHLORIDE TESTING (RCT) 
 
The nature of corrosion in structural concrete is an exchange of energy within different sections 
of the reinforcing steel.  When a metal is put into an electrolyte, as when reinforcing steel is 
embedded into concrete, positive metal ions will resolve (oxidize).  This produces a heavy 
concentration of electrons in the metal lattice and thus a heavy concentration of positive ions at 
the metal surface (originally a passive layer of protection).  However, this concentration of positive 
ions attracts the negatively charged ions (anions) from the surrounding electrolytic material (in 
concrete, these negatively charged ions are typically Cl- and SO4

2- ions) and this forms a half cell.  
The areas where there is a larger surplus of negative ions will have a higher probability of 
corrosion, and current will begin to flow from that area to areas with fewer electrons (this is the 
formation of a cathode).  This is the process of corrosion with regards to steel reinforcement 
embedded in concrete.  
 
As this process of corrosion occurs, the chemical reactions that cause the phenomena can be 
measured and monitored.  A high concentration of ions in a material cause the material to be 
highly conductive.  Adversely, a low concentration of ions in a material cause a material to be 
highly resistive.  Thus, a high concentration of ions, and a high conductivity, cause corrosion in 
reinforcing steel.  This combination of data allows for the electrical resistivity of concrete to be 
measured to indirectly determine the probability of corrosion in the concrete (ASTM D6431).  The 
Federal Highway Administration (FHWA), has presented findings that show that these standards 
provide a conservative estimate of corrosive activity based on electrical resistivity measurements 
(Ardani, 2012).  

 
Another excellent thing to identify is that the combination of steel and concrete is a viable 
construction material of proven durability. In the normally alkaline environment, the passive layer 
that forms on the surface of the reinforcing steel acts as a protective barrier for the reinforcing 
steel. The mechanism that causes the corrosion in the reinforcing steel is a complex reaction 
between the protective oxide layer and any ions, typically Cl-, as mentioned above. Essentially, 



 

 

the protective layer, in the presence of chloride ions, is transformed into FE (OH2), or rust.  Figure 
2 presents a general illustration of this concept. 
 
As the corrosion continues and the reinforcing steel loses cross section, an air void forms between 
the concrete and the steel (i.e. the bond between the reinforcing steel and the concrete is lost). 
As this happens, the remaining steel also begins to expand and induces tensile forces into the 
concrete matrix. Because concrete has a relatively low tensile strength, this causes the concrete 
to crack. At first, with small levels of steel corrosion and expansion, the cracks are in the form of 
microcracks within the concrete matrix itself. However, as the corrosion process continues and 
the reinforcing steel loses more cross section, these cracks coalesce and eventually form 
horizontal cracks that are parallel to the concrete surface (delaminations). Eventually these 
delaminations will grow to the surface and cause concrete spalls. Essentially, the rust product 
formed during the corrosion process occupies a much greater volume than the original steel 
member, tensile stresses are exerted into the surrounding concrete, and the concrete cracks, 
delaminates, and given enough time spalls (Figure 3). 
 
As this process of corrosion and eventually spalling occurs, the processes that cause the 
phenomena can be measured and monitored. A high concentration of ions in a material cause 
the material to be highly conductive and indicate the presence of a corrosive environment.  To 
measure the concentration of these ions, the rapid chloride test (RCT) method was utilized.  The 
RCT provides the weight of chloride ions by weight of concrete in accordance with AASHTO T 
260.   

Three (3) powder samples from each bridge deck were obtained by drilling cover concrete in 1” 
increments.  The first 1” was drilled with a 1.5” diameter drill bit, the second inch was drilled with 
a 1” drill bit, and the third inch was drilled with a ½” drill bit.  This technique limited contamination 
from one sample to the next.  Table 3 presents the locations for the powder samples and the 
corresponding chloride concentrations in units of percentage of weight of concrete. Figure 13 
presents the distribution of these values as a function of depth.  The chloride concentration in the 
core 1 sample of each bridge appears to deviate from decreasing chlorides with depth.  As each 
core 1 location was identified to be at a location with high probability of corrosion, this correlates 
well with the GPR survey.   

 

 
 

Figure 2 – Process of Corrosion in Structural Concrete. 

 



 

 

 
Figure 3 – Corrosion in Structural Concrete Leads to Cracks and Eventual Spalling. 

 
Table 3 – Chloride Ion Penetration Test Results 

 
Bridge ID Core Lane 

Direction 
Distance 

from 
Near 

Shoulder 
(ft) 

Distance 
from 

Approach 
Abutment 

(ft) 

Depth 
(in) 

%C by weight Lbs/ft3 

4020002100300 

1    

1 0.132 0.20 

2 0.062 0.09 

3 0.061 0.09 

2    

1 0.076 0.11 

2 0.051 0.08 

3 0.052 0.08 

3    

1 0.165 0.25 

2 0.070 0.11 

3 0.037 0.06 

3270010600200 

1    

1 0.087 0.13 

2 0.161 0.24 

3 0.132 0.20 

2    

1 0.275 0.41 

2 0.217 0.33 

3 0.077 0.12 

3    

1 0.048 0.07 

2 0.013 0.02 

3 0.007 0.01 

3270003400300 

3    

1 0.065 0.10 

2 0.060 0.09 

3 0.044 0.07 

4    

1 0.120 0.18 

2 0.060 0.09 

3 0.062 0.09 

404055510210 

1    
2 0.011 0.02 

4 0.008 0.01 

2    
2 0.012 0.02 

4 0.022 0.03 

 

Conclusions and Recommendations 

In May and December of 2017 BDI performed nondestructive testing of four (4) select bridge 
decks in Richland and Lexington counties, SC as part of a two-phase nondestructive evaluation 
(NDE) of the structures.  The testing methods included ground penetrating radar (GPR), infrared 
thermography (IR), high-resolution video (HRV), BDI’s deck acoustic response system, 
SounDAR and chloride ion penetration. Utilizing jointly developed proprietary data analysis 
software, BDI and Infrasense performed the analysis of the data.  Conclusions include: 



 

 

 
1. GPR results indicate that 34.6%, 58%, 47.8%, 48.3% and 7.8% of structures 

4020002100300, 404055510210, 404044420310, 3270010600200 and 3270003400300, 
respectively, have a high probability of deterioration at the rebar level. 

2. IR results combined indicate that 3.4%, 17%, 8.6%, 6.7% and 3.6% of structures 
4020002100300, 404055510210, 404044420310, 3270010600200 and 3270003400300, 
respectively are delaminated.  

3. High-Resolution Video results indicate 20.8%, 9.6%, 21.8%, 11.2% and 0.5% of patching 
and spalling in structures 4020002100300, 404055510210, 404044420310, 
3270010600200 and 3270003400300, respectively.  

4. Rapid Chloride penetration tests indicate that structures 4020002100300, 404055510210, 
3270010600200 and 3270003400300 had maximum percentages of chlorides by weight 
of concrete of 0.165% (0.25lbf/ft3), 0.022% (0.03lbf/ft3), 0.275% (0.41lbf/ft3) and 0.12% 
(0.18lbf/ft3) 

5. Sounding results (chain drag + SounDAR) indicate that 16.6%, 31.9%, and 10% of 
structures 4020002100300, 3270010600200 and 3270003400300, respectively, have 
indications of horizontal cracking. Sounding was not used on structures 404055510210 or 
404055530210.



 

 

9 

APPENDIX A – STRUCTURE 4020002100300 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

10 

 



 

 

11 

 

APPENDIX B – STRUCTURE 3270010600200 
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APPENDIX C – STRUCTURE 3270003400300 
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Summary 
• IR-UTD measurements were performed on two bridges.  A single mounting position was 

used for each bridge.  The entire length of the deck was measured from that position, 

although some small areas were blocked from view due to geometric features on the bridge.  

The IR-UTD system was used to collect data for a two-day period on each bridge.  

• The IR-UTD system was deployed on each bridge using a parapet mounting system 

attached to the existing parapet.  Setup and removal of the system took about 1 hour. 

• Wilson Blvd 

o The visual observation of the bridge deck shows many existing patches in the two 

north spans.  The two south spans have some existing patches, but far fewer than 

the two north spans.  Existing patches are both asphalt and concrete. There are also 

unpatched spalled areas and exposed rebar.   

o The IR-UTD measurements produced indications from both concrete and asphalt 

patches that can be used to document the extent and position of patching.  

o The IR-UTD measurements show the structural features of the bridge (main girder 

lines, diaphragms) and the spatial relationship between defect indications and these 

structural features. 

o North spans 

 Many defect indications are present in the IR-UTD data. 

 The heavily patched bridge deck makes it more difficult to observe larger 

defect indications. 

 Several small discrete defect indications are observed.  There are defect 

indications adjacent to existing patches.  These indications appear as 

lighter areas in the IR-UTD data. 

 Different patch material was identified in the IR-UTD data.  Overlapping 

patches are observed (patches formed from different materials overlap). 

 There are defect indications that appear as darker areas in the IR-UTD 

data that may be due to shallower defects.  These defect indications are 

typically larger than the lighter (potentially deeper) defect indications.  In 

some of the very heavily patched spans, it appears a large area surrounding 

most of the existing patches may be a defect indication.  Alternatively, these 
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indications may relate to poor quality materials in these areas, resulting in 

accelerated damage evolution.  Additional information on defect indication 

depth are in report sections for each bridge and in Appendix B. 

o South spans 

 The south spans have fewer defect indications as compared to the north 

spans. 

 The position of several defect indications coincides with the position of 

diaphragms in the superstructure of the bridge. 

 Several small discrete defect indications were observed in the IR-UTD data.  

These defect indications appear as lighter areas in the IR-UTD data. 

 There are defect indications that appear as darker areas in the IR-UTD 

data that may indicate the defect is at a shallower depth.  These defect 

indications are generally larger than the lighter defect indications.   

 In the south most span (west side, Rt. 21 south) there is an area of existing 

asphalt patches.  There is a larger defect indication (darker area in IR-UTD 

data) surrounding all these existing asphalt patches. 

• Pond Branch Road 

o The visual observation of the bridge deck showed very little distress or surface 

defects.  There were a few visible transverse cracks. 

o The IR-UTD measurements show very few defect indications.  Defect indications 

are smaller in size and are typically discrete round/oblong areas. 

o Many of the defect indications are located along the center line of the bridge.  Some 

defect indications are present near reflectors. 

o The IR-UTD measurements show secondary defect indications along the centerline 

of the bridge near each end.  These indications are larger in size and are not shaped 

in the typical circular, discrete pattern that is common to delamination indications.  

This secondary indication has different properties than the primary defect 

indications (darker in the IR-UTD image) that may result from shallower depth or 

some other characteristic (water/moisture at or near a seam or joint). 

o The IR-UTD measurement shows the structural features of the bridge (main girder 

lines) and shows the relationship of defect indications to these structural features. 
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IR-UTD Concept 

The IR-UTD system is a tool that is used to make long-term, time-lapsed measurements of bridge 

decks, substructure elements, and other areas on a structure.  Quantitative, reliable and 

reproducible images of subsurface damage can be obtained.  This new technology overcomes 

limitations of traditional IR imaging that relies on optimal weather conditions to be effective.  The 

IR-UTD overcomes these limitations by capturing thermal data over time periods of several hours 

to several days, allowing for the assessment of the location, size and depth of subsurface damage 

without the need for ideal weather conditions.  The location of structural features such as 

supporting beams and girders can be imaged, and variations in material thickness can be 

determined.     

 

Figure 1 illustrates the IR-UTD measurement process.  Diurnal temperature variations produce 

transient heat flow through the concrete, which is captured by the IR-UTD technology.  Advanced 

data processing algorithms are used to analyze the transient heat flow and produce images showing 

indications of subsurface damage, structural features, and other characteristics of the structure.   

 
Figure 1 IR-UTD measuring bridge over time while temperature changes 

The images produced by the IR-UTD technology are much different than images produced by 

conventional thermal imaging technologies which estimate the surface temperature of the concrete.  
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If weather conditions are optimal, anomalies in the surface temperature caused by subsurface 

damage can be observed.  In contrast, the IR-UTD produces images representing the thermal inertia 

of the concrete.  Thermal inertia measurements represent the global behavior of the material over 

the course of diurnal temperature variations, as shown in Figure 1.  As a result, IR-UTD 

measurements do not require optimal weather conditions, and more comprehensive, reliable, and 

accurate data is captured as compared with conventional IR imaging technologies.  Figure 2 

provides an example of one of the differences between conventional IR images and the images 

produced by the IR-UTD.  This figure shows a visual image (top, left), a conventional IR image 

(top, right), and a processed IR-UTD image (bottom)   The conventional IR image includes 

shadows from the truss members that shade portions of the deck, obscuring results and making 

identification of defect indications difficult.  By comparison, the processed IR-UTD image is not 

obscured by the shadows and provides significantly more detail and clarity of the thermal features 

of the deck.  Other sources of variation that impact conventional IR imaging are also mitigated by 

the IR-UTD processing, and the effects of weather conditions are substantially reduced.  As a 

result, the images produced by the IR-UTD provide results that are much more reliable and 

reproducible than conventional IR imaging.  

 
Figure 2 Example of shadows from truss in conventional infrared data (visual image top left, conventional 

infrared image top right, IR-UTD image bottom) 
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IR-UTD Data 

IR-UTD measurements were performed on two bridges.  Bridges are identified using University 

of South Carolina (USC) notations of Bridge #2 (Wilson Blvd.) and Bridge #4 (Pond Branch 

Road). 

Bridge 2: US 21 Wilson Blvd (Bridge #4020002100300) 

Bridge #402002100300 carries Rt. 21 traffic over I-20.  This bridge has four spans (67-1/2 ft, 70 

ft, 67-1/2 ft, 70 ft) with a total length of 275 ft.  The bridge deck has four lanes.  The total width 

of the bridge including the shoulders is given as 56 ft.  The bridge deck has no overlay but includes 

many existing asphalt and concrete patched areas.  The two north spans contain significant areas 

of patching.  The two south spans contain some areas of patching, but much less than the two north 

spans.  Figure 3 shows an overhead view (from Google Maps) illustrating the general condition of 

the structure.  The Google Map image was taken prior to subsequent patching of the bridge deck 

and does not show the exact current visual condition.  There was a significant amount of debris on 

the surface of the bridge deck, especially near the parapet sidewalks, at the time the IR-UTD data 

was collected. 

 
Figure 3 Bridge #2 Wilson Blvd overhead view showing general condition 
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IR-UTD Setup 

The IR-UTD system was positioned at the middle of the bridge on the west side, as shown in 

Figure 4 and Figure 5.  The system was installed using a parapet mount system that attaches to the 

existing bridge parapet.   

 
Figure 4 IR-UTD setup at Wilson Blvd (view from deck) 

 
Figure 5 IR-UTD setup at Wilson Blvd (view from I-20) 
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IR-UTD Data Setup 

Three separate measurement areas were collected as shown in Figure 6.  The image on the left 

shows a view looking north from the position of the IR-UTD, the middle image is looking 

downward, and the right image is looking south from the position of the IR-UTD.  Figure 6 shows 

IR-UTD images optimized to display the structural features supporting the bridge deck.  The beam 

lines are shown (except the beams hidden by the parapet and median berm), as well as the joints 

between spans and the diaphragms.  Figure 7 is a photograph captured from below the bridge that 

shows a view of the beams (12 total lines) and several diaphragms.  Figure 8 shows the visual 

images of the bridge deck corresponding to the IR-UTD data shown in Figure 6. 

 
Figure 6 IR-UTD data showing structural features at Wilson Blvd 

 
Figure 7 View of Wilson Blvd beams and diaphragms 

 
Figure 8 Visual images at Wilson Blvd 
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Wilson Blvd Data Summary 

Figure 9 provides an overall summary of the results from the IR-UTD measurements on the Wilson 

Blvd. bridge.  In this diagram, the results from the IR-UTD images have been transcribed onto a 

plan-view image of the bridge deck and shows existing patches (green) and defect indications.  

The defect indications are color-coded such that areas shown in yellow correspond with defects 

with potentially greater depth, while areas shown in red correspond with potentially more shallow 

defects.  As can be observed in this figure, the North spans of the bridge have large areas of 

patching and have significant areas of damage.  A large indication shown in red is present that 

encompasses a large portion of the deck containing several smaller, more shallow defects.  In the 

South spans, there are a much smaller area of patching and the number of defect indications is 

lower as compared with the North spans.   

 

The following sections provide the key data illustrated in the plan-view diagram shown in Figure 

9.  First, IR-UTD data is presented to describe different features that are present in the IR-UTD 

images of the bridge.  A patch map is presented that illustrates how asphalt patches appear as 

compared with concrete patches in both visual and IR-UTD images.  Images illustrating the 

different types of defect indications observed in the IR-UTD data are also presented that 

demonstrate how defect areas were identified.  Images illustrating the indication presented by 

overlapping patching materials are also shown.  Finally, in the Section “Wilson Blvd Data 

Details,” IR-UTD data is presented for each field-of-view (north, south, and directly below the 

IR-UTD position on the bridge).  Each view includes an IR-UTD image showing the defect 

indications in the bridge deck without any markings to call out the position of the indications, and 

an image showing the structural features of the bridge.  It should be noted that not all defect 

indications may be apparent at a single color-scale.  A visual image of field-of-view is presented.  

Finally, two images showing markings to call out the position of the defect indications are 

presented.  The first image presented shows a red outline of areas that are likely shallower depth 

indications.  The second image adds a yellow outline of areas where defect indications are likely 

from deeper defects.  These different images from the same field-of-view of the IR-UTD system 

can be compared to determine the spatial relationship between defect indications and surface 

features such as patches, the relationship between defect indications and the structural feature of 

the bridges, or other analysis. 
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Figure 9.  Plan view defect indication map for Wilson Blvd. 

Figure 10, Figure 11, and Figure 12 show IR-UTD data optimized to show patches.  There are two 

general types of patching (asphalt and concrete) present on the surface of the bridge deck.  Asphalt 

patching is readily seen in the visual images; both asphalt and concrete patching are apparent in 

the IR-UTD data.  The two north spans have large areas of patching.  The two south spans have 

far fewer patched areas as compared to the north spans.   
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Figure 10 Position 1 (looking North) patch map 

 
Figure 11 Position 2 (looking down) patch map 

 
Figure 12 Position 3 (looking South) patch map 

There are two general types of defect indication observed in the data.  There are areas where an 

indication appears as darker as compared to surrounding concrete, and areas where an indication 

appears lighter.  Characteristics of an actual defect such as its depth are difficult to determine from 

the IR-UTD data without some physical sampling to be used to establish correlation.  Based on 
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analysis of the data and previous IR-UTD measurements of depth correlated with destructive 

testing, the observation is made the that the lighter areas likely result from a defect with a greater 

depth, while darker areas commonly correlate to shallow defects.  Appendix B provides additional 

details on correlation of IR-UTD measurements with destructive testing.  Figure 13 shows an 

example of a defect indication on the south-most span (Position 3 looking South) that illustrates 

both types of indication that were observed. 

 
Figure 13 Defect indication (Position 3 looking South) a) defect indications, b) corresponding structural 

features, c) visual image with no surface indications 

 

Figure 14 shows a second example of a defect indication with dark/light indications. 
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Figure 14 Defect indication (Position 3 looking South) a) defect indications, b) corresponding structural 

features, c) visual image with no surface indications 

 

The IR-UTD data shows the patches in the deck and in some cases the patching materials overlap 

as shown in Figure 15.  The overlap areas are circled in the figure.  The indication caused by 

asphalt overlapping onto the adjacent concrete patch is likely caused by the relatively small 

thickness of the asphalt materials in this area.  The indication caused by the overlapping patches 

were large in magnitude as compared with indications from subsurface damage such as areas of 

delamination in the deck.   
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Figure 15 Overlapping patches of different materials 

Figure 16 shows an example of a defect indication adjacent to an existing concrete patch.  There 

is no visual indications at this defect indication. 

 
Figure 16 Defect indication adjacent to an existing patch 
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Wilson Blvd Data Details 

This portion of the report presents detailed data from the Wilson Blvd. Bridge.  For all following 

figures, defect indications with a red border are likely more shallow defect indications and defect 

indications with a yellow border are likely deeper defect indications. 

Position 1 (looking North) 

 
Figure 17 Position 1 (looking North) IR-UTD image of defect indications 
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Figure 18 Position 1 (looking North) IR-UTD image of structural features 

 
Figure 19 Position 1 (looking North) visual image 
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Figure 20 Position 1 (looking North) IR-UTD image of defect indications 

 
Figure 21 Position 1 (looking North) IR-UTD image of defect indications (red) and secondary defect 

indications (yellow) 
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Position 2 (looking down) 

 
Figure 22 Position 2 (looking down) IR-UTD image of defect indications 

 
Figure 23 Position 2 (looking down) IR-UTD image of structural features 
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Figure 24 Position 2 (looking down) visual image 

 
Figure 25 Position 2 (looking down) IR-UTD image of defect indications 
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Figure 26 Position 2 (looking down) IR-UTD image of defect indications (red) and secondary defect 

indications (yellow) 
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Position 3 (looking South) 

 
Figure 27 Position 3 (looking South) IR-UTD image of defect indications 

 
Figure 28 Position 3 (looking South) IR-UTD image of structural features 
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Figure 29 Position 3 (looking South) visual image 

 
Figure 30 Position 3 (looking South) IR-UTD image of defect indications 
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Figure 31 Position 3 (looking South) IR-UTD image of defect indications (red) and secondary defect 

indications (yellow) 

  



IR-UTD 
South Carolina 9/25/17 to 9/29/17 

2/21/18  Page 29 of 60 

 

Bridge 4: SR-32/34 Pond Branch Road (Bridge #3270003400300) 

Bridge #327003400300 carries SR 32/34 traffic over I-20.  This bridge has four spans (102 ft, 48 

ft, 48 ft, 102 ft) with a total length of 300 ft.  The bridge deck has two lanes.  The total width of 

the bridge including the shoulders is 44 ft. This bridge is noted to be in good condition with very 

minor spalls with no overlay. 

 
Figure 32 Bridge #4 Pond Branch Road IR-UTD setup location 

IR-UTD Setup 

The IR-UTD system was positioned at the middle of the bridge on the north side.  The system was 

installed using a parapet mount system that attaches to the existing bridge parapet.  Figure 33 and 

Figure 34 show the system mounted on the bridge. 

 
Figure 33 IR-UTD setup at Pond Branch Road Bridge (view from I-20) 



IR-UTD 
South Carolina 9/25/17 to 9/29/17 

2/21/18  Page 30 of 60 

 

 
Figure 34 IR-UTD setup at Pond Branch Road (view from bridge deck) 

IR-UTD Data Setup 

Three separate measurement areas were collected as shown in Figure 35.  The image on the left 

shows a view looking east from the position of the IR-UTD, the middle image is looking 

downward, and the right image is looking west from the position of the IR-UTD.  Figure 35 shows 

IR-UTD images optimized to display the structural features supporting the bridge deck.  The girder 

lines are shown (except the girders hidden by the parapets), as well as the joints between spans.  

Figure 36 is a photograph captured from below the bridge that shows a view of the girders (7 total 

lines).  Figure 37 shows the visual images of the bridge deck corresponding to the IR-UTD data 

shown in Figure 35. 
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Figure 35 IR-UTD data showing structural features at Pond Branch Road 

 
Figure 36 View of Pond Branch Road girders 

 
Figure 37 Visual images at Pond Branch Road 
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Pond Branch Road Data Summary 

Figure 38 provides an overall summary of the results from the IR-UTD measurements on the Pond 

Branch Road bridge.  In this diagram, the results from the IR-UTD images have been transcribed 

onto a plan-view image of the bridge deck and shows defect indications.  The defect indications 

are color-coded such that areas shown in yellow correspond with defects with potentially greater 

depth, while areas shown in red correspond with potentially more shallow defects.  Very few defect 

indications were seen on the four measured spans. 

 

The following sections provide the key data illustrated in the plan-view diagram shown in Figure 

38.  First, IR-UTD data is presented to describe different features that are present in the IR-UTD 

images of the bridge.  Images illustrating the different types of defect indications observed in the 

IR-UTD data are presented that demonstrate how defect areas were identified.  This includes defect 

indications that were observed around surface cracks.  A secondary defect indication was seen at 

the ends of each span closer to the abutments.  These defect indications presented as darker regions 

in the IR-UTD data. 

 

Finally, in the Section “Pond Branch Road Data Details,” IR-UTD data is presented for each 

field-of-view (east, west, and directly below the IR-UTD position on the bridge).  Each view 

includes an IR-UTD image showing the defect indications in the bridge deck without any markings 

to call out the position of the indications, and an image showing the structural features of the 

bridge.  It should be noted that not all defect indications may be apparent at a single color-scale.  

A visual image of field-of-view is presented.  Finally, two images showing markings to call out 

the position of the defect indications are presented.  The first image presented shows a red outline 

of areas that are likely shallower depth indications.  The second image adds a yellow outline of 

areas where defect indications are likely from deeper defects.  These different images from the 

same field-of-view of the IR-UTD system can be compared to determine the spatial relationship 

between defect indications and surface features such as patches, the relationship between defect 

indications and the structural feature of the bridges, or other analysis. 
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Figure 38 Plan view defect indication map for Pond Branch Road 
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Figure 39 shows a defect indication near a reflector and the center line.  There is a visible surface 

crack at this location and hammer sounding produced a positive indication.  The surface crack is 

seen in the IR-UTD image as well as a darker area of defect indication around the crack. 

 
Figure 39 Defect indication with visible surface crack near reflector and center line 

Figure 40 shows two defect indications near the center line.  These defect indications are discrete 

areas that are smaller in size with a generally round shape. 
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Figure 40 Defect indications near center line 

Figure 41 shows defect indications along the length of the center line near each end of the bridge.  

These defect indications appear darker in the IR-UTD image and may be due to a deeper defect.  

These defect indications are not typical of a discrete delamination (i.e. discrete round-like area), 

but rather are a long contiguous area.  These indications may be the result of moisture/water along 

a seam or construction joint.  Visual photos taken during measurements didn’t show a visual 

longitudinal joint and plans for the bridge were not available to confirm construction details.  This 

feature in the IR-UTD is noted as it may provide information on failure mechanisms in the bridge 

deck.  Additional information on correlation of IR-UTD data with defect depth is given in 

Appendix B.  Figure 42 shows a close-up view of some of these defect indications near the east 

end of the bridge. 
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Figure 41 Defect indications along the center line at the ends of the bridge 

 
Figure 42 Close-up of defect indications near center line 
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Pond Branch Road Data Details 

This portion of the report presents detailed data from the Pond Branch Road Bridge.  For all 

following figures, defect indications with a red border are potentially more shallow defect 

indications and defect indications with a yellow border are potentially deeper defect indications. 

Position 3 (looking East) 

 
Figure 43 Position 3 (looking East) IR-UTD image of defect indications 
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Figure 44 Position 3 (looking East) IR-UTD image of structural features 

 
Figure 45 Position 3 (looking East) visual image 
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Figure 46 Position 3 (looking East) IR-UTD image of defect indications 

 
Figure 47 Position 3 (looking East) IR-UTD image of defect indications (yellow) and secondary defect 

indications (red) 
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Position 2 (looking down) 

 
Figure 48 Position 2 (looking down) IR-UTD image of defect indications 

 
Figure 49 Position 2 (looking down) IR-UTD image of structural features 
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Figure 50 Position 2 (looking down) visual image 

 
Figure 51 Position 2 (looking down) IR-UTD image of defect indications 
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Figure 52 Position 2 (looking down) IR-UTD image of defect indications (yellow) and secondary defect 

indications (red) 

Position 1 (looking West) 

 
Figure 53 Position 1 (looking West) IR-UTD image of defect indications 
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Figure 54 Position 1 (looking West) IR-UTD image of structural features 

 
Figure 55 Position 1 (looking West) visual image 
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Figure 56 Position 1 (looking West) IR-UTD image of defect indications 

 
Figure 57 Position 1 (looking West) IR-UTD image of defect indications (yellow) and secondary defect 

indications (red) 
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Appendix A: IR-UTD Data Details 

This appendix provides supplemental data from the IR-UTD measurements.  This includes IR-

UTD images showing structural features, visual images, and IR-UTD images showing defect 

indications.  Images showing the defect indications overlaid on visual and IR-UTD images are 

presented.  These data can be used to analyze the position of defect indications as compared with 

visual images of the deck and images showing the structural features supporting the deck.   
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Wilson Blvd 

Position 1 (looking North) 

 
Figure 58 Position 1 (looking North) a) IR-UTD image, b) visual image, c) IR-UTD structural features 
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Figure 59 Position 1 (looking North) IR-UTD image of a) defect indications, b) defect indications outline, c) 

defect indications secondary, d) visual, e) visual defect indications outline, f) visual defect indications outline 

secondary, g) structural indications, h) structural indications defect indications outline, i) structural 

indications defect indications outline secondary 
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Position 2 (looking down) 

 
Figure 60 Position 2 (looking down) a) IR-UTD image, b) visual image, c) IR-UTD structural features 
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Figure 61 Position 2 (looking down) IR-UTD image of a) defect indications, b) defect indications outline, c) 

defect indications secondary, d) visual, e) visual defect indications outline, f) visual defect indications outline 

secondary, g) structural indications, h) structural indications defect indications outline, i) structural 

indications defect indications outline secondary 
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Position 3 (looking South) 

 
Figure 62 Position 3 (looking South) a) IR-UTD image, b) visual image, c) IR-UTD structural features 
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Figure 63 Position 3 (looking South) IR-UTD image of a) defect indications, b) defect indications outline, c) 

defect indications secondary, d) visual, e) visual defect indications outline, f) visual defect indications outline 

secondary, g) structural indications, h) structural indications defect indications outline, i) structural 

indications defect indications outline secondary 
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Pond Branch Road 

Position 3 (looking East) 

 
Figure 64 Position 3 (looking East) a) IR-UTD image, b) visual image, c) IR-UTD structural features 
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Figure 65 Position 3 (looking East) IR-UTD image of a) defect indications, b) defect indications outline, c) 

defect indications secondary, d) visual, e) visual defect indications outline, f) visual defect indications outline 

secondary, g) structural indications, h) structural indications defect indications outline, i) structural 

indications defect indications outline secondary 
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Position 2 (looking down) 

 
Figure 66 Position 2 (looking down) a) IR-UTD image, b) visual image, c) IR-UTD structural features 
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Figure 67 Position 2 (looking down) IR-UTD image of a) defect indications, b) defect indications outline, c) 

defect indications secondary, d) visual, e) visual defect indications outline, f) visual defect indications outline 

secondary, g) structural indications, h) structural indications defect indications outline, i) structural 

indications defect indications outline secondary 
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Position 1 (looking West) 

 
Figure 68 Position 1 (looking West) a) IR-UTD image, b) visual image, c) IR-UTD structural features 
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Figure 69 Position 1 (looking West) IR-UTD image of a) defect indications, b) defect indications outline, c) 

defect indications secondary, d) visual, e) visual defect indications outline, f) visual defect indications outline 

secondary, g) structural indications, h) structural indications defect indications outline, i) structural 

indications defect indications outline secondary 
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Appendix B: Defect Indication Depth 

The following data provide an example of correlation of IR-UTD measurements with destructive 

testing to measure defect depth.  Figure 70 shows an example measurement from a bridge deck 

measured with the IR-UTD system.  The image on the left in the figure shows the full measurement 

of a portion of the bridge deck with several defect indications visible.  The top right of the figure 

shows a close-up of one of the defect indication regions, with two distinct colors seen (red and 

blue).  The bottom right of the figure shows the same close-up region in the same color-scale used 

in the presentation of the South Carolina DOT data in this report.  In this color-scale the darker 

areas represent shallower defect indications and the lighter areas represent deeper defects. 

 
Figure 70 Example of IR-UTD data showing full measurement view (left), close-up region of defect 

indications (top right), and close-up region of defect indications in same color-scale used in SCDOT data 

(bottom right) 

 

Figure 71 shows destructive measurements of defect depth correlated to IR-UTD data.  A ½-inch 

diameter hole was drilled in the bridge deck and a bore-scope camera was used to examine the 
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depth of the internal defect.  This figure shows the depth measured at multiple points within this 

defect region.  The destructive measurements show that the blue areas in the IR-UTD data are at a 

depth of about 1-1/2 inches and the red areas in the IR-UTD data are at a depth of about 3 to 4-1/2 

inches.  In the SCDOT data presented in this report, the darker areas potentially correspond to 

shallower defect indications and the lighter area potentially correspond to deeper defect 

indications.  For the analysis of the SCDOT data, the potential depth of the defect indication is 

also classified as “deep” or “shallow” and the destructive measurements of depth shown in this 

example may not directly correspond to the SCDOT data.  

 

 
Figure 71 Destructive measurement to determine defect depth correlated to IR-UTD measurement 
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Contact Information 

 
 

Paul Fuchs, Ph.D.
ThermalStare LLC

Fuchs Consulting, Inc
75 Lawson Road SE, Suite 204

Leesburg, VA 20175
Phone: (703) 777-2115

Cell: (571) 239-7139
paul.fuchs@fuchsconsultinginc.com
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