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Outline: Why - Where - What - How

Evaluation of 3D Radar and Sonic Surface Scanner (SSS) Technology
for 

Pavement Forensics (a.k.a. pavement delamination RO6D)



Å Why evaluate new technologies for pavement delamination/forensicsτRO6D 

ÅPavements are an asset to our transportation network in Kentucky.

ÅKentucky has approximately 79,857 miles of roads.

Å!ǇǇǊƻȄƛƳŀǘŜƭȅ нт҈ ƻŦ YŜƴǘǳŎƪȅΩǎ ŜŎƻƴƻƳȅ ƛǎ ƛƴ ǘƘŜ άƎƻƻŘǎ-ǇǊƻŘǳŎƛƴƎ ƛƴŘǳǎǘǊƛŜǎέ ǿƘƛŎƘ ƘƛƎƘƭȅ ŘŜǇŜƴŘ ƻƴ 
transportation for movement of those goods. 

ÅL9Υ ¦t{ ƛƴǘŜǊƴŀǘƛƻƴŀƭΣ CƻǊŘ ǘǊǳŎƪ ǇƭŀƴǘΣ ¢ƻȅƻǘŀΩǎ bƻǊǘƘ !ƳŜǊƛŎŀƴ ƘŜŀŘ ǉǳŀǊǘŜǊǎΣ !ƳŀȊƻƴ ŘƛǎǘǊƛōǳǘƛƻƴΣ /ƻǊǾŜǘǘŜ ǇƭŀƴǘΣ ŀƎƎǊŜƎŀǘes,farm products, 
thoroughbred horses, coal, bourbon, aluminum, oil, and 2nd most navigable in-land water ways state behind Alaska.

Å 500 mile radius (8 hour drive) from central KYτ120 million people / 40% of US population.

ÅEssentially, almost every person in Kentucky uses the road network sometime throughout their lifetime, if not every 
day along with many others.

ÅButτPavements fail and we have to fix them.



pavement failure could look like this?



Identification of  pavement rutting

TRB 1984: ¼ inch water @ 45 mph on average tires will cause hydroplaning
On average, there are over 5,760,000 vehicle crashes each year.  Approximately 1,259,000 are weather related 

ά¦{5h¢έ



When we choose to fix these pavements

Pavement designers need good field data to support their pavement 
rehabilitation plans

Choosing the right fix can save both time and money

AASHTO 
άƳƻǊŜ ǉǳŀƭƛǘȅ Řŀǘŀ Ŏŀƴ ǘǊŀƴǎƭŀǘŜ ƛƴǘƻ ōŜǘǘŜǊ ǊŜǎǳƭǘǎ ŀƴŘ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ƘƛƎƘǿŀȅ ǇǊƻƧŜŎǘǎέ

Use Pavement Forensics



tŀǾŜƳŜƴǘ CƻǊŜƴǎƛŎǎ ƛǎΧΦ

ÅUtilizing non-destructive technology (NDT) to better understand what 
might be causing a pavement to fail and using that information to 
assist in the pavement rehabilitation design process.



Where: Forensic Project Site--Bourbon Co. US 60

Åhttps:// kytranscenter.maps.arcgis.com/home/index.html

https://kytranscenter.maps.arcgis.com/home/index.html


Avoid First Change Order
all cores came from the same project 

over a 1.5 mile area

Estimated Pavement Forensics 
Savings to Date

August 2018: $3.7 million



What ςHow

Looking at the technology: Sonic Surface Scanner (SSS), 3D Radar and Impulse Radar



3D Radar



Direct Coupling

Ground Coupling

Layer Interface

Layer Interface

Antenna

Reflections are produced when the pulse encounters a material with different dielectric constant

Dielectric Constant:  Air = 1    Asphalt = 3-5    Concrete = 6-8

How are we trying to use the GPR data to determine delamination / deterioration

GPR: Theory of Operation



Comparison of GPR data to field conditions

Conventional coring is one core per 1,000 ft. alternating lanes

GPR is scanning every six inches at 20 mph.



GPR identifying different pavement layers

Concrete

D.G.A.

Fill material



How can we figure Dielectric?

15

ÁPublished references

ÁNoting target in data and drilling/digging to it for a measurement:  
Ground Truth

ÁHyperbola matching:  Migration

ÁUnless the material is the same all the way through (concrete) the 
ŘƛŜƭŜŎǘǊƛŎ ƛǎ ƻƴƭȅ ŀ άōŜǎǘ ƎǳŜǎǎΗέ
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When looking for delaminations: We are looking for the abnormal dielectric values and/or variation in the signal amplitudes 

Voids can be field with
Air (low dielectric/low amplitude)

Water (high dielectric/high amplitude) 

NTS





Void area beneath concrete pavement southbound tunnel 

Dtw ǎƛƎƴŀƭ Ƙŀǎ ƴŜƎŀǘƛǾŜ ŀƳǇƭƛǘǳŘŜ όƴƻǘŜŘ ŀǎ ōƭŀŎƪ ǎǇŀŎŜύ ōŜŎŀǳǎŜ ƛǘ ŘƻŜǎƴΩǘ ƘŀǾŜ 
anything to bounce off of (namely air).







Existing void filled with grout Existing void not filled 
with grout



3D Radar collection (apply what we know about amplitudes and dielectrics)

Safety First
$1,600





Core 11



Core 11



Core IE 4



IE 4



Core 1IE



Core 1 IE 



Cores IE 3 and IE 2



Core IE 2



IE 2



Core IE 3



IE 3



Core IE 5



IE 5



Maybe consider a bridge deck deterioration approach 
for finding delaminations in pavements?

ÅUse the high and low amplitudes to identify if voids are air/water filled



Similar to Bridge Deck Deterioration
Use amplitudes of return signals at interface to determine if voided or not



Producing multiple scans to image reinforcement

- +



Change in reinforcement 
corrosion and delaminated 
concrete affects 
amplitude of radar signal

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
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Section E, F: 3.5% +/- 5% deteriorated
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Sections E, F
Mean=-18.9676, Standard Deviation=2.10604, Skewness=-24.304

-180 -160 -140 -120 -100 -80 -60 -40 -20 0
0

250

500

750

1000

1250

1500

1750






