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Ground Penetrating Radar (GPR}
for Pavement Thickness

Deacription:
Ground Penetrating Radar (GPR) surveys were conducted for the Missouri Department of

Transporation by Pavernent Systemns Engineening and Infrasense Ine. to compare its
accuracy Lo current coring methads lor quality control measusing of final pavernent thick-
ness. Three new pavement projects using both lull depth asphallic concrete {AC) and
portland cement concrete pavement (PCCF) were measured. The projects and cosls were:

PCCP AC GPE Costs (1 pass/12" lane)
Boute Cownty  Thickness Thickness 5/ Mile %/Sguare Yard
140 Bay — 12" $ 1188 $ 017
k! Heawall — 17 $ 1188 $0.17
71 Mewlon 14" 2 Foas2 $ 0.05

Ground Penetrating Radar operates by transmitting short pulses of electromagnetic energy
into the pavement. These pulses, as shown in the left side of Figure 1, are reflecled hack
i the antenna with the amplitude and arrival ime that Is related o the electrical properlies
of the pavernent loyers, The reflected energy is collected and displayed as a wavefarm, as

shewn on the right side of Figure 1.
Figure 1 - Principles of Ground Penetrating Radar.
The Ineident Waoe Is reflected of eoch lover interfoce and plotted as returs valtone cominsd Tieve
of arripal in nonoseconds
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Procedure:

Hefore paving started three foot by three foot (37 5 37
targets of aleminum foil were set on top of the base rock
with the intent that more accurate thickiness could be
ablained with a reflective laver at the interface of Lhe
pavement bottom and top of base rock,  After paving cores
were laken al the normal intervals of 1000 fr. A van
equippad with a 1.0 GHz air launched pulsed radar an-
tenna and processing equiprment Was then used o un
ground penetrating radar (GPR) profiles down the center ol
the pavemnent in arder to measure pavement hickness at
lecations over the aluminum foil targets and near the coring
lacations,  Missour specilications currently require the
pavermnent ta be no more than 0 2 inches thin of the plan
depth or deductions in contract price are made.

Advantage:

GPR thickness measurement is much faster than conven-
tional coring and virtually non-destnactive. Tha GPR van
can mowe at L3 mph or more and lakes a conlinecsus scan
of the pavernent Lhickness (1 trace per foot at 30 mph)
compared o a core taken every 1000 feet. Since GPH &
alsa nun-destructive, Tull depth coring in the brand new
pavement can be all osl eliminated.

Hesults:

The GPR data collected on the two AC projects was judged
It b of good qualing. The interface belween the AL and
the Granular Base was clearly located, On the 127 AC the
average crror bebween Lhe 30 measured core thicknesses
and those computed blind {nat calibrated to cores) with GPR
was (.46 inches or 3.5%. Given two core thicknesses to
calibrate againsl acouracy improved 1o 0.17 inches or 1.4%
when . On the 17" AC the average error behween the 49
measured core thicknesses and those compuled with GFR
was 0.2 inches or 1.1%. GPR prefiles determined the
averoge AC thickness in bath lanes was greater than 17.5
inches. According to GPR less than 1% of the total project
was pomputed to be less than 16.4 inches Lhick, these being
highly localized short problem areas.  GPR has another
polential bensefit, it can be used to check for olher defects
such as poarly compacted lower layers and for the presence
ol anomalies with in the AC.

Several challenges arose when trying to measure the 147
PCCP wsing GPR. Brcause the dielectric properties of
concrete change as the concrate cures the pavemaent could
not be survayed until it was over 30 days old. The aljective
of the aluminum foll sheets placed on top of Lhe baze was o
prosdde a reflactive largel to enhance the detection of the
GPR signal &l bottom of the concrete. Coring later showed
ne signs af the foil, suggesting that the foil had disintegrated
through reaction bebween the aluminum and cancrata.

Even so, the average error bebwveen the 70 measured core
thicknessas and those compuled by GPR was 039 inches
or 2.8%. Infrasense Inc, beliewed a betler target than the
aluminiemn foil, which did nol wark, could have improved the
GPR's acouracy They seggested using a 1 172" diameler
steel pipe, 3' long, set transverse Lo the roadway and laying
flush with the lop surface of the base layer. GPR did prowe,
hewwaver, premising enough e consider using it on another
upcoming POCF project for comparison with present coring
procedures. [f GPR procedures can be improved enough.
the need for caring can be reduced or possibly even
alminated. Cores woulkd need 1o be taken anly to calibrale
the GFPR and to verify areas of deficient pavernenl thickness
or anomalies which may be due 1o inferior gualitu concrele

Conclusions:

GPR may never totally replace eoring hut it has the polen-
tial of identifving where cores should be taken amd 1o
radically reduce the number of cores required on any
project 1t s currenthy being used by many highway agen-
cias to measure the thickness of axisting pavernents and
using the data in pavernent management sustems. The use
iw twra fold because while gathering thichness data, GIPH is
als gatherirg data that can show other ansmalies in AC or
PCC pavements, areas of poor quality in néw pavemsents or
doterioration in old ones. MolXOT i= currently carming ow
research using GPR in several different applications: for
bridge deck evaluation; locating sink holes, caves, lunnels
and urlerground storage lanks; archeclogical investigations;
and for detecting scour arcund bridge piers.
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