
Kenneth R. Maser page 1 

 
 
 
 
 
 
 
 
 
 
 

NON-DESTRUCTIVE MEASUREMENT OF LAYER THICKNESS 
ON NEWLY CONSTRUCTED ASPHALT PAVEMENT 

 
 
 
 
 
 
 
 
June 1, 2002 
by 
 
Kenneth R. Maser.    
President, Infrasense, Inc. 
14 Kensington Road, Arlington, MA 02476-8016, USA 
781-648-0440   fax: 781-648-1776 
kmaser@infrasense.com 
 

T. Joe Holland 
Contract Manager, Caltrans DOT 
5900 Folsom Blvd., MS 5, Sacramento, CA  95819 
916-227-5825   fax: 916-227-5856 
T_Joe_Holland@dot.ca.gov  
 
Roger Roberts 
Senior Engineer 
Geophysical Survey Systems, Inc. 
13 Klein Drive, PO Box 97, North Salem, NH  03073-0097 
603-893-1109   fax: 603-893-3984 
roger@geophysical.com 
 
 
submission date: June 1, 2002 
word count: 7309              



Kenneth R. Maser page 2 

ABSTRACT 

Accurate measurement of pavement thickness is an essential aspect of the quality assurance of 
new pavement construction. Caltrans is seeking a measurement technology to meet this 
measurement objective through a current research effort. The overall objective of this effort is to 
determine the average pavement thickness on a newly constructed section to within 0.1 inch of 
the true value, without the need to take cores. The effort has been divided into two tasks—one 
for asphalt pavement and one for concrete pavement. The asphalt task discussed in this paper has 
focused on two adaptations of ground penetrating radar (GPR), one involving the use of an air-
launch horn antenna, and one using dual ground-coupled antennas in a common midpoint (CMP) 
measurement mode. The work has included laboratory testing on small slabs and simulated 
pavement materials, testing at research pavement test facilities, and testing on actual roads in 
service in California. The pavement thickness data has been correlated with thickness results 
obtained from a large number of cores taken at points in the test areas. The paper will describe 
the techniques being evaluated, the testing that has been conducted, and the results of correlation 
with core data. 
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INTRODUCTION 

Pavement layer thickness is an important factor determining the quality of newly constructed 
pavements and overlays, since deficiencies in thickness reduce the life of the pavement. For 
asphalt, the relationships between thickness deficiency and pavement life have been quantified 
using a performance model (1). These relationships show, for example, that a 0.5 inch thickness 
deficiency on a nominally 3.6 inch thick pavement can lead to a 40 % reduction in pavement life. 
This reduction in pavement life has economic implications. The concept of “pay factors”, which 
has been implemented for other quality measures (such as density), relates contractor payment to 
the economic consequences of these deficiencies. 

 In order to implement pavement thickness as a measure of quality assurance and as a 
basis for pay factors, it is necessary to have an accurate and reliable method for making the 
thickness measurement. Cores are accurate, but they are time consuming, they damage the 
pavement, and they represent a very small sample of the actual pavement. Therefore, it is 
desirable to have a thickness measuring method which is quick, non destructive, and which can 
generate a representative population of pavement thickness data points. 

 For asphalt pavement, ground-penetrating radar (GPR) is by far the most established 
technology for measuring pavement thickness. Evaluation studies have been carried out by over 
ten state highway agencies, by SHRP, MnROAD, and by the FHWA, all of which have 
documented the accuracy of GPR asphalt thickness vs. core samples (2)(3). These studies have 
shown that for newly constructed pavements, the deviation between GPR and core results range 
from 2% -5% of the total thickness. Studies have also shown that, with proper equipment and 
data processing, GPR can accurately determine thickness for overlays as thin as one inch (4). 
GPR can be collected continuously at various speeds, and thus allow for the availability of a 
large number of thickness data points to be collected economically. Finally, GPR has also been 
effectively used to determine variations in asphalt density (5). Such additional information would 
enhance the overall quality assurance program.  

 Most of the GPR layer thickness studies discussed above have been carried out with “air-
coupled horn” antennas, since these can be implemented at driving speed without lane closures. 
However, for the purposes of quality assurance, lower data collection speeds permit 
consideration of “ground-coupled” antennas as well. This alternative introduces some interesting 
and potentially attractive options that will be explored during this program. 

 Based on the background described above, the objectives of this project have been to 
develop, evaluate and test advanced air-coupled and ground-coupled GPR methods for obtaining 
accurate asphalt pavement layer thickness data, and to specify the use of these methods in the 
context of a quality assurance program. 

DISCUSSION OF METHODS 

GPR works using short electromagnetic pulses radiated by an antenna which transmits these 
pulses and receives reflected returns from the pavement layers. Figure 1 shows the horn antenna 
implementation of GPR. Figure 1a shows the geometry of the antenna and the GPR ray paths. 
The reflected pulses are received by the antenna and recorded as a waveform, as shown in 1b. As 
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the equipment travels along the pavement, it generates a sequence of waveforms as shown in 
Figure 1c. The layer boundary between the asphalt and base is clearly visible in this sequence of 
waveforms. These waveforms are digitized and interpreted by computing the amplitude and 
arrival times from each main reflection.  
 
 For the horn antenna method, the pavement thickness and density can be computed from 
these amplitudes and arrival times according to the following equations (4): 
 

Thickness (mm) = velocity * time/2 = (150 t)/√εa (1) 
εa = [(Apl + A)/(Apl - A)]2  (2) 

 
where velocity is calculated from εa ,the dielectric constant of the asphalt; t is the time delay 
between the reflections from the top and bottom of the asphalt, computed automatically from 
each waveform; A is the amplitude of the reflection from the top of the asphalt, computed from 
each waveform; and Apl is the amplitude of the reflection from a metal plate, obtained during 
calibration.  
 
 A second implementation of GPR, call the Common Mid-Point method (CMP), was also 
explored in this work. The layout of the CMP method is shown in Figure 2. The CMP method 
uses two ground coupled antennas, one of which acts as a transmitter and the other as a receiver. 
The two antennas are initially adjacent to each other, and are then moved at equal distances from 
the initial midpoint. The implementation mechanism is such that a GPR scan is collected for each 
unit of movement (e.g., every 2 mm). The reflected arrival from the bottom of the pavement 
takes on a hyperbolic pattern, whose equation is: 
 

 22

2

)(2)( dix
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ittot +=  (3) 

 
where i = scan number 
n = total number of scans 
d = thickness of the pavement layer 
V2 = GPR velocity in pavement layer 
x (i) = antenna distance from common midpoint at scan i 
t tot(i) = arrival time of GPR pulse for spacing x (i) 
 

 By fitting the observe data with this equation, both the pavement layer velocity and layer 
thickness can be determined.  
 
LABORATORY TESTS 

Laboratory testing was carried out on simulated asphalt slabs representing three mix 
formulations and four different thicknesses using an oil/water emulsion. Four different asphalt 
thicknesses (1, 3, 5, and 8 inches) were simulated by pumping the appropriate amount of 
emulsion out of a storage vat to cover a metal sheet placed at the bottom of a data collection box. 
Figure 3 shows the test arrangement. Figure 3a shows the horn antenna over the simulated slab, 
and Figure 3b shows the ground-coupled CMP antenna measurement. The data indicates that the 
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dual antenna CMP method and the horn antenna method, display the type of accuracy needed to 
achieve the objectives of this project. For these two methods, the maximum deviation between 
calculated and actual thickness was 0.25 inches for a thickness range of 3 to 8 inches. Data at 1-
inch thickness was difficult to obtain using all three methods.  
 
 A 16-foot long by 4 foot wide by 21-inch deep test pit was prepared for testing asphalt 
slabs. Crushed stone aggregate was placed in the pit to four different heights (13, 15, 17, and 19 
inches). Asphalt was placed on top of the base, so that four slabs of different thickness (2, 4, 6, 
and 8 inches) were available for testing.  This arrangement was repeated a second time with a 
different asphalt mix. Tests were carried out on the asphalt slabs using the horn antenna and 
CMP methods. The data was analyzed for thickness, and cores from the test pit were correlated 
with the calculated thicknesses. Test results showed that the CMP method could not resolve layer 
thicknesses below 3.5 inches, while the horn antenna was capable of accurately measuring the 2 
inch asphalt thicknesses layer. The methods were equivalent for thickness greater than 3.5 
inches. 
 
ACCURACY ASSESSMENT OF ASPHALT THICKNESS MEASUREMENT  
ON CONSTRUCTED PAVEMENTS 

In the earlier phases of this project, the two GPR methods (CMP and Horn) were tested in the 
laboratory and at a specially prepared test pit. The results were encouraging, but limited by the 
fact that the "pavement" conditions being tested were not truly representative of constructed 
pavement. The next series of tests were therefore carried out on full-scale constructed 
pavements. Table 1 lists the sites where this testing was conducted.  
 
 One of these sites was a newly constructed pavement, for which core data was available. 
The other sites were research sites, which were well documented with cores. The purpose of the 
tests was to verify and characterize the accuracy of the GPR equipment and data analysis 
methodology.  
 
 In all of these tests, horn antenna data collection was carried out using a portable "bike 
rack" arrangement mounted to a standard square receiver hitch at the back of a vehicle. The 
electronic distance wheel was mounted to the vehicle bumper (see Figure 4). 
 
I-93 in Thornton, NH 
 
Construction at this site, conducted during the summer of 2001, involved complete removal and 
replacement of the asphalt surface. The section tested had been repaved, and was about to be 
open to traffic. Two lanes were available for testing—the high-speed lane, and the shoulder. The 
nominal asphalt thickness was 4.5 inches on the main line, and 2 inches on the shoulder. Both 
were supported by a granular base. The horn antenna setup at the I-93 maintenance shed is 
shown in Figure 4, and the south end of the pavement section is shown in Figure 5. Horn antenna 
data was collected in short continuous strips as the vehicle drove down the lane. Data collection 
was initiated as the marked core location was approached, and a mark was placed in the data 
when the antenna passed alongside the core location. In this way, the data at the core location 
could be easily identified in the analysis. CMP data was collected at each core location. Two 



Kenneth R. Maser page 6 

CMP files were collected at each site, one on either side of the core. To minimize the influence 
of the filled corehole, the CMP equipment was offset from each corehole by six inches.   
 
The FAA Technical Center (FAATC) 
 
The FAA maintains a pavement test facility at its Technical Center in Atlantic City, NJ. The 
facility houses a 900-foot long by 60-foot wide test pavement. The pavement is laid out on a 
stationed grid. The pavement is composed of different types of pavement construction—some 
asphalt, and some concrete. Figure 6 shows the data collection setup at the FAATC. Two 
sections were tested under this program—a 5 inch thick section and a 10 inch thick section. In 
both sections, the asphalt was underlain by a lean concrete "econocrete" base.  
 
 The horn antenna tests at the FAATC were carried out in a series of longitudinal survey 
lines, starting at station 900 and going down station, each at a different offset from the centerline 
of the pavement. Each survey line was 150 feet long. The first 62.5 feet were in the 5-inch 
section, then there was a 25 foot transition section, and finally 62.5 feet in the 10-inch section. 
The CMP tests were carried out at a series of discrete stations in each of the pavement units. A 
sample of the processed thickness data from the horn antenna is shown in Figure 7. 
 
FHWA Accelerated Load Facility (ALF) 
 
The FHWA maintains an accelerated pavement facility at the Turner Fairbanks Research Center 
in McLean, VA. The facility is used to rapidly collect data on pavement performance under 
conditions in which axle loading and climatic conditions are controlled. The facility consists of 
12 lanes, each 12 feet wide and 140 feet long, and each representing different types of pavement 
construction. Core thickness data was collected by the FHWA on the initial construction prior to 
application of the loading. The loading was applied in the wheelpaths of each test lane.  
 
 Data was collected in lanes 1, 2, 3, and 4 of the facility. These lanes were of asphalt 
construction, and were available for testing. The tests were carried out along the centerline of 
each lane in the unloaded area. The core locations were marked in the data so that the data at the 
core location could subsequently be identified. 
 
National Center for Asphalt Technology (NCAT) 
 
The NCAT facility in Auburn, Alabama, is a continuous oval-shaped test track consisting of 52 
pavement sections, each 200 feet long with approximately 4 inch of asphalt surface. The base 
layer for the test track is bituminous, and thus the condition is most closely related to an asphalt 
overlay. The principal variable amongst the 52 sections is the asphalt mix design. The design and 
the asphalt density of each section is well documented.  
 
 The equipment setup was identical to that used in the FHWA and FAA tests. Pavement 
section transition locations, marked on the side of the track, were marked in the data for 
reference during data analysis. Data was collected on both inside and outside wheelpaths of the 
primary test lane.  
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DATA ANALYSIS 
 
The data from I-93, FAA, FHWA. and NCAT facilities was analyzed for pavement thickness and 
correlated with available core information. For I-93 and FHWA, core data was already available 
for comparison. For FAA, cores were taken at selected locations. The choice of location was 
based on the pavement thickness distribution as observed in the processed horn antenna data. 
The FAA thickness data was presented as a contour plot, and locations of low, high, and typical 
thickness were selected for coring (Figure 7). Locations are marked with a "+" on the contour 
plot according to the criteria described above. Cores were taken at these locations, measured on 
site, and stored for future investigation. 
 
Horn Data 
 
The thickness data for the asphalt over base sites (FAA, FHWA, I-93) was correlated with all 
available core data. The results of this correlation for the horn antenna data are shown in  
Figure 8. The core data was not used for any type of calibration purpose. NCAT provided section 
average thickness data. Specific core thickness values were not available at the time of this 
paper, and so the NCAT data has not been included in the regression. 
 
 The results for the three sites show a very good fit, with an R-squared of 0.98 and a slope 
very close to 1.0. The statistics of this data show a mean deviation between core and GPR data of 
0.12 inch, suggesting a systematic tendency to under-calculate the actual thickness. The standard 
deviation of the deviation between GPR and cores is 0.35 inch. This value could be reduced with 
a correction to the bias described above.  
 
CMP Data 
 
Generally two CMP measurements were made at each test location and the results were 
averaged. For locations that were already cored, a measurement was made on either side of the 
core location. At other locations, measurements were made longitudinally and transversely to the 
pavement traffic direction.  Figure 9 shows the correlation between CMP measurements and core 
data on the three test sections. The regression line shows a tendency for the CMP data to 
overestimate the core thickness, and the R-squared shows more scatter than with the horn data. 
 
 
FIELD TESTS ON CALIFORNIA PAVEMENTS 
 
Tests were carried out with the Horn and CMP methods on pavement sites selected by Caltrans. 
The sites were selected to represent three main conditions: (a) thick and thin asphalt on aggregate 
base; (b) asphalt on concrete; and (c) thick and thin asphalt overlays.  
 
 Table 2 summarizes the California sites which were tested. At each site, a 1000-foot 
section was identified as the test section. Within each section, core locations were marked off at 
50-foot intervals in alternating wheel paths, such that there were 10 core locations in each wheel 
path and 20 core locations total at each site. The I-505 site, due to its termination at a ramp, was 
a 500-foot site, and core spacing was at 25-foot stations.  
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 Data was collected a with the horn antenna at six inch intervals on continuous survey 
lines in each wheel path. Manual marks were placed in the data where the antenna passed over 
the designated core location. CMP measurements were made directly at the core locations, in 
both the longitudinal and transverse directions. Following the GPR data collection, cores were 
taken in the pavement and stored for measurement and photographing.  
 
 The GPR data was initially analyzed without reference to the core data. Once the GPR 
data was analyzed the core data was made available for comparison, as shown in Figure 10. The 
initial comparisons, shown in Figure 10 (a). shows that for certain sites there is a bias in the GPR 
data, which could be corrected by calibration. An objective scheme was developed for searching 
through the GPR data at each site to identify the optimal calibration core location. The scheme is 
based on selection of areas with highly reliable data. This scheme was applied to the data, and 
the calibrated results are shown in Figure 10 (b). Although there is still some scatter, the use of 
the calibration core has created a regression line with a slope very close to one. Using the 
calibrated data, statistics for each site have been developed, as shown in Table 3. The table 
shows that the mean GPR thickness data for each site is within 0.1 inches for four of the five 
sites, and within 0.17 inches for the fifth. Also, the GPR data accurately characterizes the 
standard deviation observed in the cores.  
 
 The CMP data showed a similar site specific bias, and one calibration core was selected 
from each site to correct for this bias using a scheme similar to that proposed for the horn 
antenna data.  The calibrated CMP data is shown in Figure 11. Note that the CMP data shows a 
higher degree of scatter, particularly for the asphalt overlay site (US180). This is possibly due to 
difficulty in distinguishing the new asphalt from the total asphalt. A summary of the thickness 
statistics from the CMP data is shown in Table 4. The summary shows that the average CMP 
data, after calibration with one core, is within 0.15 inches of the core average for each site. Note, 
however, that the CMP data overestimates the standard deviation, since the method itself appears 
to have more scatter.   
 
CONCLUSIONS 

This project has shown that accurate asphalt thickness data for quality assurance of new 
pavement construction can be obtained using adaptations of existing ground penetrating radar 
technology. With the use of one calibration core per site, one is able to obtain the average 
pavement thickness per site to within 0.17 inches of the average obtained by taking 20 cores. For 
the horn antenna, the GPR data covers a much higher percentage of the site than can be covered 
by even an ambitious coring program, and thus provides a more accurate characterization of the 
mean thickness and its variability. 
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TABLE 1  Preliminary Pavement Test Sites Summary  
 

SITE LOCATION DESCRIPTION 
NEW  

ASPHALT 
THICKNESS 

DATE 

I-93 Thornton, NH 

In-service  
pavement rehab. 
total asphalt 
replacement 

4.5 inch mainline 
2 inch shoulder 9/05/01 

FAA  
Tech  
Center 

Atlantic City, NJ 
Pavement  
load testing  
research facility 

5 inch  
    (section 3-3) 
9 inch  
    (section 3-2) 

6/8/01 
and 

10/18/01 

FHWA  
ALF McLean, VA 

Pavement  
load testing  
research facility 

4 inch 
    (sections 1, 2) 
8 inch  
    (sections 3,4) 

10/19/01 

NCAT Auburn, AL 
Pavement  
load testing  
research facility 

4 inch 
    (all 52 sections) 10/22/01 
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TABLE 2  Caltrans Asphalt Test Sites Summary  
 

SITE LOCATION DESCRIPTION 
NEW ASPHALT 

THICKNESS  
(IN.) 

TEST DATE 

US 50 Sacramento Full depth AC 
construction 

2 lifts 
2.0 over 4.5 

12/3/01 

US 50 Sacramento Full depth AC 
construction 4.5 12/3/01 

I-505 Vacaville AC Overlay 3.0 12/4/01 

I-5 Tracy AC over PCC 4.0 12/5/01 

US 180 Mendota AC over AC 8.0 12/6/01 

US 99 Sacramento AC over PCC 3.0 12/7/01 
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TABLE 3  Caltrans Site Horn Antenna Summary:  GPR vs. Cores 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
MEAN ASPHALT THICKNESS 

(IN) 
STANDARD DEVIATION THICKNESS 

 (IN) 

SITE CORE 
GPR AT 
CORE 

LOCATION 
ALL GPR DIFFERENCE CORE 

GPR AT 
CORE 

LOCATION
ALL GPR DIFFERENCE

US50 OSL 4.78 4.69 4.69 0.09 0.14 0.15 0.17 -0.01 

US50 ISL 6.67 6.63 6.68 0.04 0.17 0.38 0.51 -0.21 

I5 4.38 4.42 4.36 -0.04 0.18 0.15 0.15 0.03 

US99 3.19 3.35 3.42 -0.17 0.21 0.31 0.45 -0.10 

SR180 8.65 8.64 8.70 0.01 0.83 1.09 1.11 -0.26 
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TABLE 4  Caltrans Site CMP Antenna Summary:  GPR vs. Cores 
 

 
 
 
 
 
 
 
 

  
MEAN ASPHALT THICKNESS  

(IN) 
STANDARD DEVIATION THICKNESS 

(IN) 

SITE CORE CMP DIFFERENCE CORE CMP DIFFERENCE 

US50 OSL 4.78 4.91 -0.13 0.14 0.22 -0.08 

US50 ISL 6.66 6.57 0.09 0.17 0.56 -0.39 

I5 4.38 4.44 -0.06 0.18 0.28 -0.10 

US99 3.19 3.03 0.15 0.21 0.35 -0.14 

SR180 8.46 8.43 0.03 0.94 1.51 -0.58 
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FIGURE 1  Principle of Horn Antenna GPR for Pavement Thickness Evaluation. 
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FIGURE 2  Geometry for CMP data collection. 
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(a) Horn Antenna Testing 
   
 

 
 

(b) CMP Testing with Two 1.5 GHz Antennas 
 

FIGURE 3  Tests on Simulated Asphalt Slab (Using Oil Emulsion). 
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FIGURE 4  Typical Horn Antenna Equipment Setup 
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FIGURE 5  I-93 Test Section:  Northbound, South End, High Speed Lane. 
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(a) Horn Measurements 
 
 

 
 

(b) CMP Measurements 
 

FIGURE 6  Data Collection Setup at the FAATC. 
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FIGURE 7  Thickness Contours and Core Locations at the FAATC. 
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FIGURE 8  Preliminary Test Sites:  Core vs Horn GPR Data. 
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FIGURE 9  Preliminary Test Sites:  CMP Data vs. Cores. 
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Figure 10  Caltrans Sites:  Horn Antenna vs. Core Data. 
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FIGURE 11  Caltrans Sites:  Calibrated CMP Data vs. Cores. 


