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ABSTRACT

The Arkansas State Highway and Transportation Department (AHTD) contracted
with Infrasense, Inc. of Arlington, Massachusetts to provide pavement layer thickness
data utilizing Ground Penetrating Radar (GPR) technology. The focus of the research
was to determine if GPR could provide relatively fast and reliable thickness data on a
network level survey for use in a Pavement Management System (PMS) without the
benefit of calibration cores. Secondary data was also provided to determine if GPR could
be used to locate voids in certain pavement structures, excessive moisture levels in the
base and subgrade, and to determine if GPR could provide accurate characteristic
information on bridge decks. Analysis of the secondary data was outside of the scope of
this report and findings will not be discussed.

Data collection took place on May 8 - 9, 2001 utilizing personnel and equipment
from Infrasense, Inc. and Wave Tech, Inc. of Baton Rouge, Louisiana. The project was
composed of eight test sites in central Arkansas with varying cross-sections and surface
type. The sites varied in length with a total project length of about fifty miles.

The main goal of determining pavement thickness for a PMS is to allow analysis
of homogenous pavement sections. The results of the data analysis indicate that on
asphalt pavements GPR can provide reliable thickness data for use at the network level.
Concrete pavements did not provide the same results. Known differences in pavement
thickness were evident but GPR measured thickness did not compare well to measures of
core samples taken from the pavements. However, based on previous research studies by
other agencies this was not unexpected.
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1.0 Introduction

To maintain a comprehensive Pavement Management System (PMS), a highway
agency must collect, process, maintain, and analyze vast amounts of pavement
performance and attribute data. Because of the size of the typical highway agency’s
pavement network, the current trend of government to reduce agency staffing, and the
costs in time and money to the agency and its’ users, the ability to collect accurate data
efficiently is of paramount importance.

Pavement attribute data is required to allow a functioning PMS to properly
analyze or compare the performance of various pavements. One of the most basic and
important of these attributes is the thickness of the layers comprising the existing
pavement structure.(5) The thickness of a pavement is an important factor in
determining its service life. In fact, research in the area of pavement performance models
has shown that a half-inch deficiency in a pavement with a design thickness of 3.6 inches
can result in a 40 % decrease in service life.(3) Despite its importance, the inability to
obtain reliable system wide thickness data in an affordable manner is one reason it is
lacking in many systems. The most commonly used method of determining the layer
structure of a pavement is coring.(8) This requires cutting a core from the pavement and
inspecting it to determine the thickness and composition of the individual pavement
layers. Ground Penetrating Radar (GPR) technology provides a non-destructive way to
evaluate the existing pavement structure at normal highway speed.(4)

A PMS utilizes pavement layer data as one criterion to establish and compare
homogenous pavement sections. An ideal PMS would include pavement layer data for its

entire pavement network. However, accurate data is not always available. Roadway



construction plans provide typical sections of pavement systems but these do not always
reflect the as-built pavement cross section.(1) Pavement coring is not an economical
option for determining pavement layer thickness on a network level. Coring is time and
labor intensive and also requires traffic control and lane closures, which are not typically
practical on many high volume roadways. Most highway agencies cannot justify the
costs in money, manpower, and equipment needed to provide adequate sampling for the
provision of network level layer thickness data.(8)

GPR has several benefits over other existing means of obtaining thickness data.
GPR can provide almost continuous, non-destructive thickness data for a pavement
structure at or near normal highway speeds.(9) It limits interruptions to the traffic flow
by eliminating lane closures; this is a cost benefit to users due to less traffic delay and to
highway agencies in maintenance of lane closures.(6) This also provides an increase in
safety to highway workers by minimizing their exposure to traffic and protects the
motoring public from the safety risks of lane closures.(15) The need for a fast, accurate,
and non-destructive sampling device is required. The goal of this research is to
determine the ability of GPR to fulfill these requirements on a network level.

2.0 Purpose and Scope

The main focus of this study was to evaluate the use of GPR for collecting
accurate network level pavement layer or thickness data to be used in the AHTD’s PMS.
Specifically, the study is to determine the ability of a GPR system to provide accurate,
non-destructive network level pavement layer or thickness data on various pavement

cross-sections in a timely manner without the aid of calibration cores.



A 1.0 GHz dual horn antenna GPR system manufactured by Geophysical Survey
Systems, Inc. (GSSI) of North Salem, New Hampshire was used to collect the data on
approximately fifty miles of pavements in the central Arkansas area. Eight pavement
sections of varying lengths and cross-sections were chosen for the analysis of pavement
layer thickness.

3.0 Background

GPR technology has been in use for several years in the highway and
transportation industry. There are two main types of antennas in use for transportation
related GPR investigations, ground-coupled and air-coupled. The penetration depth and
resolution required determine the antenna type used for a particular application.
Antennas that operate at lower frequencies can penetrate to greater depths at a lower
resolution and higher frequency antennas penetrate to shallower depths with higher
resolutions.

Ground-coupled antennas operate at the pavement surface. Since the antenna is in
contact with the pavement surface the data collection speed is limited, but the antenna’s
effective penetration depth can be much greater. In fact, depending on the antenna’s
frequency and ground material, penetration depths up to 200 feet are possible. This
makes the ground-coupled antenna ideal for locating deeper underground structures,
larger buried objects, and subsurface anomalies.

Air-launched antennas typically operate above the pavement surface, typically at
a height close to 10 inches. Since the antenna is not in contact with the pavement

surface, data collection can take place at typical highway speeds. Depending on



frequency, optimal penetration depths of about two feet are obtainable with high
resolution, making it ideal for determining thickness of pavement layers.(12)

The principles behind GPR technology rely on the dielectric discontinuities of
different materials. GPR operates by sending short pulses of electromagnetic energy
from an antenna to the pavement structure and measuring the time it takes for the
reflected energy to return to the antenna. Primarily, the density and moisture content of
each layer determine how much energy is reflected.(14)

The dielectric discontinuities between different layer interfaces produce
waveforms that can be used to differentiate between the layers. The dielectric
discontinuity of the materials in adjacent layers must vary enough to allow them to be
measured. The following table shows the dielectric properties of typical materials used

or found in pavement structures.

Material

Dielectric Constant

Air

1

Fresh Water

81

Sea Water

80

Dry Sand

Saturated Sand

Silts

Clays

Limestone

Granite

Bituminous Concrete

Concrete (cured)

(12)

Past research has shown that GPR is the most established non-destructive method

of determining thickness in asphalt pavements; however, the situation is different with

concrete pavements. The dielectric contrast between the concrete surface and typical

base materials is not as distinct as that between asphalt and base materials.

This can



cause the reflection at the bottom of the concrete layer to be greatly diminished or, in
some cases, non-existent.(10) The accuracy of GPR has typically been tied to the use of
calibration cores to aid in the analysis software’s ability to produce more accurate
thickness results.(2, 7, 13) Because pavement thickness can vary as much as an inch or
more over very short distances on a typical pavement, an average thickness for a given
distance would have to be used.(8)

The AHTD is not unlike many state transportation agencies in that pavement layer
data is not readily available on much of its network. Pavement job history data is
available along with construction documents and engineer diaries to build a pavement
profile; however, most of the data is in paper form in filing cabinets. Building a network
level database is impractical with existing staff. Also, many routes have been ceded to
the Department from local jurisdictions without any accompanying historical pavement
history.(8) The need to have a comprehensive pavement layer thickness database for
pavement management is essential to allow analysis of pavements with similar cross
sections.

If GPR technology can provide accurate network level data in a relatively short
period of time without the need of calibration cores for each pavement section, it will
benefit Pavement Management and the Department. Pavements can be compared to
establish performance curves for each class of pavement cross-section in the network.

4.0 Equipment and Methods

4.1 Equipment

Infrasense, Inc. and WaveTech, Inc. of Baton Rouge, Louisiana provided the

equipment and operator used in the project. The GPR equipment (Figure 1) utilized was






interval. The data collection was accomplished at normal highway speeds between 45
mph and 55 mph. This allowed data collection to be performed with no lane closures.

All of the GPR equipment was operated from inside the vehicle, providing a safe
operating environment for the data collection personnel. The data was digitized and
stored on hard disks inside the vehicle. The DMI provided an offset distance from the
starting value corresponding to each subsequent GPR data record. The highway test
sections were collected from a known beginning point to a known ending point with data
averaged over 50-foot intervals. Location reference markers were noted in the file to
provide secondary location data.(11)

The field verification process for the highway test sections involved inspecting
the pavement thickness reports and establishing locations to obtain cores for comparison
to GPR reported pavement thickness. The GPR thickness data was averaged over 50 foot
sample lengths and reported in a Microsoft Excel™ spreadsheet. The thickness values
were displayed in a bar chart to provide a longitudinal “picture” of the pavement
thickness profile. The profiles were examined for minimum 150-foot sections with
reported thickness within one-tenth of an inch variance. These sites were selected as
targets for collecting verification cores. Each highway section had between three and six
core locations selected per test section. The midpoint of each site was located and
marked. Also, one point 25 feet behind and one point 25 feet ahead of the midpoint were
marked. One core was taken from the right wheel path at each of the marked locations
and measured to determine the pavement thickness. The three core thickness values were

then averaged to provide a pavement thickness value for the site. Only one site had cores



taken from both the left and right wheel paths. This was due to the known variance in the
pavement cross-section at the site.

5.0 Presentation of Results

The evaluation sites were selected based on known pavement attributes, such as
surface type and basic layer information. A variety of pavements were chosen to
determine the ability of the GPR to provide thickness data on multiple pavement cross-
sections. The following is a list of the sites along with a basic description of the
pavement type.

Site A. Interstate 30 — University Avenue to Interstate 430 — 2.4 miles — West bound
e Pavement Type — Asphalt over concrete

Site B. Interstate 30 — Highway 70 to Old Military Road — 4.1 miles — West bound
e Pavement Type — Concrete

Site C. Interstate 40 — Interstate 430 to Highway 365 — 4.3 miles — West bound
¢ Pavement Type — Asphalt over rubblized concrete

Site D. Interstate 530 — Pulaski County Line to Highway 46 — 3.7 miles — South bound
¢ Pavement Type — Asphalt over rubblized concrete

Site E. Interstate 530 Frontage Road in Pine Bluff — 0.75 miles — East bound
e Pavement Type — Asphalt and Concrete

Site F.  State Highway 161 — Interstate 440 to Trickey Lane — 2.9 miles — North bound
e Pavement Type — Asphalt over old 18 foot wide concrete pavement

Site G. State Highway 46 — Hurricane Creek Bridge East — 5.0 miles — East bound
¢ Pavement Type — Asphalt

Site H. State Highway 270 — East end of Hot Springs Bypass — 1.7 miles — West bound
¢ Pavement Type — Asphalt

Data was collected in both wheel paths at all sites; however, the vendor reported
that left and right wheel path results were identical so only the right wheel path thickness

values were used. The exception to this was Site F, State Highway 161, which was a



widening and overlay of an old 18-foot wide concrete pavement to a 22-foot wide asphalt
surface pavement. The asphalt thickness of the outside wheel path was considerably
more than the inside wheel path thickness. Both wheel paths were reported for this site.

Two of the sites, Site A and Site E, were not cored and were not included in the
evaluation. Site A was located on a section of heavily traveled Interstate 30 in
metropolitan Little Rock and it was determined that closing a lane of traffic to provide
cores was not acceptable. Site E was located on a very low volume frontage road of
Interstate 530 in Pine Bluff. There are two Strategic Highway Research Program (SHRP)
test sections located on the frontage road that cannot be disturbed. Due to the short
length of the frontage road, there was not enough remaining pavement length to provide
an adequate core sample for comparison.

The data for each site is presented in the following tables with an accompanying
description of the site and any anomalies pertaining to the site. The table indicates the
distance to the beginning and ending of each core site. Each location is provided an
identifier, for example, B1 would be the first core site on the Site B pavement section.
B1 would have thickness values for three cores associated with it. The cores were taken
25 feet before the site midpoint, at the midpoint, and 25 feet beyond the site midpoint.
The average thickness of the three cores and the average thickness of the GPR values for
the site are provided as well as the reported GPR thickness at the midpoint of the site.
Also provided is the difference between the midpoint core thickness and the reported
GPR midpoint thickness and the difference between the average core thickness and the

average of the reported GPR thickness for the site.



Site B is a 4.1-mile section of jointed concrete pavement located on Interstate 30
southwest of Little Rock between the junctions of Highway 70 and Old Military Road.
The original design thickness of the concrete pavement was 12 inches. A change order
incorporated a 2.6-mile SHRP section into the job. The section contains twelve separate
500-foot long SHRP test sites with varying length transition areas between them. Six of
the test sites have an eight-inch thick jointed concrete surface and six have an eleven-inch
thick jointed concrete surface, each with a different strength concrete or combination of
base materials and thickness.

Four core locations were chosen that did not interfere with the SHRP sites, three
sites, B1, B2, and B3, were sandwiched in the transition areas between SHRP sites and
one, B4, was located within the limits of the original design cross-section area. Figure 2
shows the results of the GPR report and the coring thickness data for the sites.

An overall comparison of the average thickness of the midpoint cores to the
average midpoint thickness provided by GPR for the site shows the range is from a
minimum of 0.2 inches to a maximum of 1.03 inches, or 0.83 inches. The mean of the
midpoint differences of the four core sites is 0.561 inches. The variance between the
midpoint core thickness and the midpoint GPR thickness for the site is 0.659 inches. The
average difference of the four core sites is 0.621 inches.

Core site B1 was located within a transition section between two eleven-inch
SHRP pavements. The average core thickness is 10.917 inches while the average
reported GPR thickness is 10.5 inches, a difference of 0.417 inches.

Core sites B2 and B3 were located within transition sections between two eight-

inch SHRP pavements. The average core thickness for B2 is 7.917 inches while the
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Core sites C1 and C2 were located approximately 0.3 miles apart. C1 was located
on the downhill side of a small crest vertical curve and C2 was located on a flat section of
pavement. Midpoint comparisons show that the GPR value for site C1 was 0.555 inches
thicker than the core thickness while site C2 showed the core thickness to be 0.020 inches
greater than the GPR thickness.

Core sites C3 and C4 were located approximately 0.4 miles apart. C3 was located
on a flat, straight section of pavement and C4 was located on a flat section of pavement in
a curve to the right. The midpoint comparison shows that the core thickness for site C3
was 0.205 inches greater than the GPR value while site C4 showed the GPR value was
0.420 inches greater than the core thickness.

Site C5 was located at the peak of a crest vertical curve. The site was also located
in a super-elevated section of a horizontal curve to the left. The midpoint comparison
reveals that the measured core thickness was 1.765 inches greater than the reported GPR
thickness.

Site D is a 3.437-mile section of rubblized jointed concrete pavement with an
asphalt overlay located on Interstate 530 south of Little Rock, between the Pulaski
County line and the junction of State Highway 46 in Redfield. The section was the first
rubblized pavement used by the AHTD. The GPR was utilized to determine the
thickness of the asphalt layer on the rubblized concrete. Four core sites were selected for
Site D and are labeled D1 through D4 in Figure 4.

The test section also contains three bridges. Because of concemns with the
rubblizing technique, the concrete pavement 500 feet before and after each bridge was

not rubblized. The concrete was overlaid with asphalt and transitioned to meet the
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shows the measured core thickness was 0.330 inches greater than the reported midpoint
GPR thickness.

Site D3 was located just over the crest, on the downhill leg of a crest vertical
curve. The site was near the end of a horizontal curve to the right with no superelevation
involved. The midpoint comparison shows the reported GPR thickness was 0.035 inches
greater than the measured midpoint core thickness.

Site D4 was located on the uphill leg of a sag vertical curve with no horizontal
curvature or superelevation involved. The midpoint comparison shows the reported GPR
thickness was 0.530 inches greater than the measured midpoint core thickness.

Site F is a 2.919-mile section of asphalt pavement that begins at the trail edge of
the underpass of Interstate 440 in North Little Rock and ends at the intersection of
Trickey Lane in Jacksonville. The pavement is referred to as a “notch and widen”
section. It was originally constructed with two nine-foot wide concrete lanes and was
widened to two eleven-foot asphalt lanes. The outside two-foot section of each lane was
built up to match the existing pavement surface. A full width overlay was then placed on
the widened pavement section. The site was chosen to determine if the GPR could
measure the thickness of the asphalt layer of the inner and outer wheel paths.

Site F presented several challenges with regards to field verification of the GPR
results. First, field collection of the two wheel paths had to be performed at different
times. The pavement in the notched section, or outside wheel path was too thick to core
with the Research Section’s sixteen-inch core barrels. The outside wheel path had to be
cored with a larger core rig belonging to the Materials Division. The inside wheel path

was collected in the spring and the outside wheel path was collected in the summer.
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thickness of the midpoint core was two inches. The core thickness of the original
pavement at the midpoint was calculated at six inches. The reported GPR thickness at the
midpoint was 5.77 inches. The core at the midpoint was 0.230 inches thicker than the
reported GPR thickness.

Site F2 and F3 were located on flat, straight sections of pavement. The thickness
of the core at the midpoint for site F2 was 7.750 inches. The overlay thickness of the
midpoint core was 1.875 inches. The calculated core thickness of the original pavement
at the midpoint was 5.875 inches. The reported GPR thickness at the midpoint was 5.32
inches. The midpoint core was 0.555 inches thicker than the reported GPR thickness.
For Site F3 the thickness of the core at the midpoint was 7.750 inches. The overlay
thickness of the midpoint core was two inches. The calculated core thickness of the
original pavement at the midpoint was 5.750 inches. The reported GPR thickness at the
midpoint was 5.17 inches. The midpoint core was 0.580 inches thicker than the reported
GPR thickness.

The core work for the right wheel path did not produce results that were usable.
Because of the thickness of the asphalt and the condition of the lower asphalt layers, only
three measurable cores could be collected. The cores for Site F1 produced two cores and
Site F2 produced one. The upper layers of each core remained entirely intact; however,
the lower layers were stripped and either fell completely apart or they came apart at a
layer interface within the core. The core thickness could not be determined on the
incomplete cores and trying to measure the depth of the holes left by the removed cores

could not be done with any degree of confidence because they were too deep to
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The overall comparison of the average thickness of the midpoint cores to the
average midpoint thickness provided by GPR for the site shows that the range is from
0.010 inches to 0.320 inches, or 0.310 inches. The mean of the midpoint differences of
the five core sites is 0.118 inches. The variance between the midpoint core thickness and
the midpoint GPR thickness for the site is 0.159 inches. The average difference of the
five core sites is 0.275 inches.

All five of the core sites are on similar geometric alignments and exhibit similar
surface characteristics. Site G1 was unique because the difference in the measured core
thickness from core 1 to core 3 (50 feet apart) was 2.300 inches. All of the other core
sites within Site G were separated by one half inch or less across the same span.

The midpoint comparison of Site G1 shows that the measured core thickness was
0.320 inches more than the reported GPR thickness. Site G2 reveals the difference at
0.120 inches while Site G3 shows a 0.060-inch gap. Site G4 had the lowest difference at
0.010 inches and Site G5 had a difference of 0.080 inches. The difference in the core
thickness at the individual core sites indicates the dramatic difference in the pavement
profile over the five-mile section, from a minimum pavement thickness of 1.75 inches up
to 6.50 inches.

Site H is a 1.64-mile long section of State Highway 270 in Hot Springs. It is part
of the Hot Springs Bypass and is a four-lane divided asphalt pavement. The first 3,000
feet of the test section was part of a single lane access ramp that could not be closed to
traffic. This left about 1.2 miles of pavement to locate suitable core locations. Three

core sites were selected in the section and are labeled H1 through H3 in Figure 8.
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The measured thickness of each of the midpoint cores was compared to the GPR
predicted thickness of the midpoint to determine the difference in the predicted pavement
thickness versus the actual thickness. It can be seen from the data in the percent
difference column that the majority of the sites reflect a difference between the GPR
predicted thickness and the actual thickness at the site midpoint of less than ten percent.
Only five of the twenty-four cores, 20.8 percent, had calculated differences greater than
ten percent and eleven of the twenty-four cores, 45.8 percent, had calculated differences
less than five percent. The range in the percent differences is from 0.23 percent (Sites C
and H) to 17.46 percent (Site C), or 17.23 percent. The average percent difference for all
of the sites combined is 5.70 percent.

The RMSE was highest at Site B (0.659) and Site C (0.853), where the greatest
measured differences existed between the core and GPR predicted thickness. Site C
included the greatest measured difference at 1.765 inches and Site B included the second
highest difference at 1.030 inches. The calculated variance for the sites was also greatest
at Sites B and C, 0.761 for Site B and 0.954 for Site C. The lowest RMSE and variance
was recorded for Site G with values of 0.159 and 0.178, respectively. The overall RMSE
for all of the core sites is 0.554 with a corresponding variance of 0.566.

The R? values for each site indicate a strong correlation between the measured
pavement thickness and the GPR predicted pavement thickness. The R? values range
from a low of 0.8227 at Site H to a high of 0.9950 at Site G. These are, interestingly, the
two full depth HMA sites. The R for all of the midpoint values is 0.9585. The R? for all

seventy-two cores and their corresponding GPR values is 0.9493.
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because an adequate sample could not be acquired. The pavement thickness could not be
accurately determined from the cores or an inspection of the holes. Three cores were
taken from each of the remaining sites. This provided a total of 72 measurable cores for
comparison purposes.

The core thickness values and reported GPR thickness values were tabulated and
compared. Figure 10 shows the distribution of the difference in the measured midpoint
core thickness values versus the reported midpoint GPR values. The midpoint core
thickness is for one four-inch core at a single point, whereas the midpoint GPR thickness
value is for an average of 25 thickness values for a 50-foot distance. Figure 10 shows the
distribution of the difference in the average thickness of the cores per site and the average
reported thickness for the GPR results for the site. It should be restated that the average
of the core values for each site include three cores measured 25 feet apart while the
average of the GPR values for each site includes three thickness values provided at 50-
foot intervals. The value for each interval represents an average of thickness values
collected every two feet by the GPR equipment. The site comparison is between a 50-
foot sample average and a 150-foot sample average.

The data displayed in Figures 10 and 11 show the thickness values relative to their
difference from zero inches. The zero inch value represents the point where the core
thickness and the reported GPR thickness would match exactly. There were no average
values that matched exactly.

The chart displayed in Figure 10 shows that the measured midpoint core thickness
at sixteen of the twenty-four core sites (66.7 %) was greater than the reported GPR

thickness at the midpoint. Ten of the twenty-four (41.7 %) GPR thickness values were
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The chart displayed in Figure 11 shows that the measured average site core
thickness at seventeen of the twenty-four core sites (70.8 %) was greater than the
reported average GPR thickness at the site. Only seven of the twenty-four (29.2 %)
average GPR site thickness values were within one-quarter inch of the zero point.
Twenty-one of the twenty-four core sites (87.5 %) were within three-quarter inches of the
zero point and twenty-three of the twenty-four (95.8 %) were within one inch of the zero
point.

The evaluation of ancillary data provided some interesting information. Change
orders in a pavement construction job can either void or dramatically alter the original
cross-section design of a pavement structure. The concrete pavement of Site B contained
a 2.6-mile SHRP SPS-2 test section that was change ordered into the original job. The
original cross-section was a twelve-inch jointed concrete surface with six inches of
DGAB. The SHRP section was composed of twelve five-hundred-foot long pavement
test sites with transition areas between each site. The test sites were constructed with an
eight or eleven inch surface with either six inches of DGAB or four inches of PATB over
four inches of DGAB.

Figure 12 shows the GPR thickness report for the entire section. The chart shows
the location of each of the core test sites (B1 through B4) and each of the SHRP sites
(SHRP 1 through SHRP 12). Each SHRP test site has two or three lines indicating the
thickness of each pavement layer as it was designed.

Core samples cannot be obtained from within the SHRP sites to confirm the
results of the GPR report. However, construction of the sites requires very rigorous

quality control. If it is assumed that the sites were built according to the SHRP SPS-2
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inch jointed concrete surface applied and the other had an eleven-inch jointed concrete
surface.

The average reported GPR layer thickness for the SHRP site was 9.15 inches.
The plot of the GPR thickness data did not show a distinction between the eight inch and
eleven inch surfaces. Figure 13 shows the plot of the reported GPR thickness and the
average reported GPR thickness. Also shown are the two SHRP sites and their design
thickness relative to the section.

7.0 Conclusions

The purpose of this evaluation of GPR technology was to determine the ability of
the technology to provide reliable pavement thickness data for a PMS without providing
calibration cores. The results of the field verification have shown that GPR can provide
reliable results in most instances. The data has shown that in over ninety percent of the
samples, the pavement thickness could be determined to the nearest inch without the aid
of calibration cores. The vendor was provided basic pavement structure information in
the scope of work before the collection of data occurred. The vendor only knew how
long the site was and if a site was concrete, asphalt, or asphalt over concrete or rubblized
concrete. No thickness information was provided.

When compared with the arduous task of digging through engineer diaries and
typical sections on design plans to establish an estimate of a pavement’s thickness, the
results provided by GPR can be used on a network level to render overall pavement
thickness data in a timely manner. The results from one site proved that using the typical
sections of design plans alone would have yielded a pavement thickness that was four

inches thicker than actually constructed. The data shows that the thickness information
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provided by the GPR is reliable enough to use for a network level PMS. Overall
homogenous pavement sections can be determined from the data.

Comparing the eight test sites, with or without core data, seven could be
considered successes for GPR technology. Of the six sites verified with thickness data
provided by coring, all of them could be considered successful. These sites showed that
GPR could predict pavement thickness to within about one-half inch without the aid of
calibration cores. The only site that could be considered a failure would be the Interstate
530 frontage road in Pine Bluff where GPR did not predict the thickness of the pavement
in the SHRP sections. The pavement thickness in this section could not be validated with
cores; however, the SHRP sections were constructed with very strict quality control and it
is assumed that the site was built according to the original design.

8.0 Recommendations

The use of GPR as a network level tool for providing overall pavement thickness
information should be considered a viable option. GPR can provide an economical
means of collecting network level thickness data for a PMS. The data can be collected
and processed relatively quickly without the need for traffic control or lane closures.
GPR can provide the information in a way that is safe both to agency personnel and the
motoring public.

The data has shown that for a typical network level analysis, the results are
adequate. However, further research should be performed to determine if there are
certain pavement structures that consistently result in inaccurate pavement thickness

results such as the concrete surface over a PATB material.

29



9.0 Bibliography

)

2)

3)

“)

®)

(©)

(7

®)

®)

(10)

(11)

American Association of State Highway and Transportation Officials “Pavement
Management Guide” AASHTO, Washington, D.C., 2001.

Bergstrom, J., Errson, B., Lenngren, C. A. “Using ground-penetrating radar for
assessing highway pavement thickness” Proceedings of the 45™ Annual Meeting
of The International Society for Optical Engineering, San Diego, CA, July 30 —
August 3, 2000.

Deacon, J. A., J. T. Harvey, and C. L. Monismith “Pay Factors for Asphalt-
Concrete Construction: Effect of Construction Quality on Agency Costs”
Technical Memorandum, TMUCB-CAL/APT-97-April 1997.

Fernando, E. G. “Highway Speed Pavement Thickness Surveys Using Radar”
Final Report prepared for the Federal Highway Administration, Texas
Transportation Institute, College Station, Texas, December 1992.

Haas, R., Hudson, W. R. “Pavement Management Systems” Mc-Graw-Hill Inc.
1978.

Hodges, J., Scullion, T. “The Underground Eye — GPR Informational Products
Provide Training and Awareness” Texas Transportation Researcher, Volume 37,
No. 1, pp. 6-7, 2001.

Kurtz, J. “Improved Roadway Subsurface Thickness Measurements and Anomaly
Identification with Ground Penetrating Radar” Florida Department of
Transportation Research Report No. BC-354-6, Electronic Communication
Laboratory, University of Florida, May 2001

Maser, K. R. “Ground Penetrating Radar Surveys to Characterize Pavement Layer
Thickness Variations at GPS Sites” Infrasense, Inc., Research Report SHRP-P-
397, Strategic Highway Research Program, National Research Council,
Washington, DC, April 1994.

Maser, K. R., T. Scullion, and J. Wenzlick “High Accuracy Pavement Thickness
Measurement Using Ground Penetrating Radar” Report No. RDT 99-003,
Missouri Department of Transportation, February 1999.

Maser, K. R. “Non-Destructive Measurement of Pavement Layer Thickness”
Infrasense, Inc., California Department of Transportation Research Report No.
65A0074, April, 2003.

Maser, K. R. “The Use of Ground Penetrating Radar (GPR) on In-Service
Pavements and Bridge Decks” Infrasense, Inc., Prepared for the Arkansas State

30



(12)

(13)

(14)

(15)

Highway and Transportation Department, Research Project No. TRC-0102,
September 2001

Morey, R. M., NCHRP Synthesis of Highway Practice 255: Ground Penetrating
Radar for Evaluating Subsurface Conditions for Transportation Facilities,

Transportation Research Board, National Research Council, Washington D.C,,
1998.

Rister, B., D. A. Willett “Ground Penetrating Radar “Pavement Layer Thickness
Evaluation™” Kentucky Department of Transportation Research Report No. KTC-
02-29/FR101-00-1F, Kentucky Transportation Center, University of Kentucky,
December 2002.

Saarenketo, T., Scullion, T. “Ground Penetrating Radar Applications on Roads
and Highways” Texas Transportation Institute, Research Report 1923-2F, Texas
Transportation Institute, College Station, Texas, November 1994.

U.S. Department of Transportation “Ground Penetrating Radar for Measuring
Pavement Layer Thickness” Publication Number: FHWA-HIF-00-015, U.S.
Department of Transportation, Office of Asset Management, Washington, D.C,,
2000.

31



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34

