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Outline
• Project Scope

• Discussion of Technology
• What is Ground Penetrating Radar

• Understanding the equipment
• Bridge deck deterioration case studies

• Glover Cary 
• 12th. Street Bridge
• I-64 Bridge

• Infrared
• Deployment
• Typical uses
• Challenges

• Impact Echo (awaiting field demonstration)



Scope
• This project will investigate the use of GPR, Infrared, and Impact Echo 

to determine concrete bridge deck deterioration. 

• The objective will be to evaluate if one or more of these technologies 
can be more accurate, more thorough, more cost efficient, and safer 
than the current standard of practice of either chain dragging and/or 
visual assessment to determine concrete bridge deck deterioration

Objective



What is Ground Penetrating Radar



Surface

Sub-Surface Layer

How GPR Works

Electromagnetic antenna



How does GPR work?

We record the two way travel time 
and the amplitude of the reflection
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Producing multiple scans to image reinforcement
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The Hyperbola shape

The increasing then decreasing two way 
travel time of the reflections from the 
object produces the hyperbola shape

antenna



Chain Dragging—Visual Survey Ground Penetrating Radar
Bridge deck deterioration: The Process 



First: How to collect the data (things we tried, things we learned)

40 m.p.h. 1 scan per 3 ft.
No traffic control
Accuracy +/- 10 %

10 m.p.h. 10 scan per 1 ft.
Moving traffic control

Accuracy +/- 7.5%

4 m.p.h. 24 scan per 1 ft.
Lane closure

Accuracy +/- 5% 



GPR transmits and receives in a specific frequency range.

Problems encountered with interference for air-launched

Culprits (or sources of interference)

Cell Phones 2 Way Radios



Second: How are we going to use data--amplitudes
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Difference in 
Radar Signals

Good reflections
high amplitudes

Weak reflections
low amplitudes



Third: How are we going to process the data

1. Get the handbook             2. Identify the high/low amplitude thresholds Using ASTM D6087-07         3. Plot the data D-Plot 



Case Study: One

• Glover Cary Bridge
• Owensboro, KY
• Built 1937
• Crosses the Ohio River



Why are we concerned? 



Sections 

D E F G



Ground Penetrating Radar Survey

Survey lines 2’ o.c.

6 lines per lane

24 scans per foot

4007 ft. per line

96,168 data points

Collection time 2 days



Difference in 
Radar Signals

Good reflections
high amplitudes

Weak reflections
low amplitudes



Section D: 25% +/- 5% deteriorated 
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Section D
Mean=-37.673, Standard Deviation=8.0586, Skewness=-5.51634

-100 -95 -90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25
0

20

40

60

80

100

120

140

160



Section E, F: 3.5% +/- 5% deteriorated
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Sections E, F
Mean=-18.9676, Standard Deviation=2.10604, Skewness=-24.304
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Section G: 36% +/- 5%  deteriorated
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Section G
Mean=-26.6156, Standard Deviation=4.89249, Skewness=-9.83957
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Distress comparison of Visual to GPR

Section % deterioration
Visual

% deterioration
GPR +/- 5%

D 19.4 25

E, F 1 3.5

G 15.6 36

D E,F G





Usefulness of Data

• Original visual distress questioned if the entire bridge deck 
needed to be replaced

• Approximately 4,007 ft.
• Approximate cost $17 million

• GPR results identified
• Approximately 2,500 lineal feet needs replaced
• Engineers Estimate $5 million, bid for $3 million



GPR compared to field conditions

• Do we believe in our data?
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Case Study: Two

12th Street Bridge
Ashland, Kentucky



Methodology
- 4 Channel collection
- Each antenna spaced 2ft apart
- 1-2 hours collection time 



Example of Data During Collection



Processing the Data
- Each Rebar is Given a Data Point With Amplitudes Assigned to Each
- Low Amplitudes Indicate Deteriorated Rebar



Contour Map Shows 1.1% of Rebar is Deteriorated



31.43

Good Deteriorated

Histogram Showing Distribution of Deteriorated Rebar 





Case Study: Three 
I-64 EB & WB

Over Kentucky River



Why the concern











EB Core #1 (delaminated 2.5 inches)



EB Core #2 “low amplitude” (delaminated 1.625 inches)



EB Core #2 “low amplitude” (delaminated 1.625 inches)



WB1 Core “low amplitude” (delaminated 3 inches)



WB1 Core: #5 bar section loss 7 +/- 1 %



WB2 Core (4-bar) (delaminated 3 inches)

Transverse Steel Longitudinal Steel



Effects of delamination on capacity

Bridge Deck Capacity Loss based on Delaminated Depth

Deck Original Depth (in.) 8

Delaminated at (in.) Stress Increase (%) Capacity Loss (%)

1.0 48.8% 32.8%

1.5 84.2% 45.7%

2.0 128.6% 56.3%

2.5 181.3% 64.5%

3.0 236.8% 70.3%

3.5 282.1% 73.8%

4.0 300.0% 75.0%



Delamination examples



Non-delamination examples



Concern Areas (full depth)



Concern Areas (full depth)



May consider red as full depth if entire bridge is to overlaid



Infrared Inspection of 
Concrete Bridge Deterioration

What we have tried



Discussion of Infrared Technology

• Thermal imaging can be used to detect and image subsurface damage 
(delamination's) in concrete. The technology can be applied to determine 
areas where repairs are needed in:

• concrete bridge decks
• soffits of overpass bridges 
• where there is potential for spalling concrete to fall into traffic below in FRP overlays

• A primary advantage of this technology is that it is non-contact and can be 
utilized from a distance, such that arms-length bridge access and traffic 
control are typically not required. A primary disadvantage of this 
technology is its dependence on certain environmental conditions that are 
necessary for the technology to be effective.



Discussion of Pooled Funded Study in Missouri



What we learned from the pooled fund study
• Temperature differential of 15 degrees Fahrenheit prior to imaging
• The FLIR T650 thermographic camera can identify temperature differentials as little as 1 degree Fahrenheit
• Delamination's up to 3 inches are identifiable

• Looking for where steel has corroded thus causing delamination in the concrete

• SUN EXPOSED AREAS (Generally)
• Voided areas appear as hot spots in daytime
• Voided areas appear as cold spots at nighttime
• Optimal time to inspect is late afternoon after things have heated up
• Wind speeds need to be less  than 8 mph

• SHADED AREAS (Generally)
• Voided areas appear as hot spots in daytime
• Voided areas appear as cold spots at nighttime

• Weather Link





Problems

1.)NOAA can be closed 

2.) 30 years of historical weather 
data indicates IR would only work 
in Kentucky 62 days out of 365 
days on average



Application of Infrared Technology in Kentucky



Arched Beams



Abutments



Soffit Areas





Voids in Cables



Bridge Decks





Problems with Vegetation



Sun exposed areas with shadowing can be misleading



Challenges

Penetrader 2018

• Depends on when you scan—Heat Transfer
delamination's will grow/shrink throughout the day

• Truss shadow’s appear as cool spots

• Weather—When to scan

• Environmental conditions need to be evaluated prior to 
deployment (hence thermal effects from river system)

• If quantities are needed, best to mark deteriorated areas in 
field while using thermographic technology



Impact Echo

• Will be evaluated in February 2019



Financial items to consider

• Scanning bridge decks may cost between $.5 -$1.00 / s.f. depending on size
• Scanning small bridges may be cost prohibitive compared to potential change 

orders 
• However, it may save $1,000’s dollars on large bridges.



Thank you
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