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1. Introduction

The objective of this project was to evaluate the pavement structure along I-89 Southbound, between MM-
63 and MM-52.5. The evaluation was carried out using vehicle-based ground penetrating radar (GPR) 
equipment, which provides continuous measurements of the bound and unbound materials.  The following 
sections describe the data collection procedures, analysis methods, and resulting deliverables. 

2. Data Collection

The GPR data collection was carried out on September 28th, 2023, at normal driving speed using a 1-GHz 
horn antenna system manufactured by GSSI, Inc. of Nashua, NH (see Figure 1). The vehicle is equipped 
with an electronic distance-measuring instrument (DMI) mounted to the rear wheel, providing synchronous 
distance data as the GPR data was collected; and a Trimble GPS unit, providing high resolution, 
differentially corrected geo-spatial information. The data collection and recording are controlled by the SIR-
30 GPR system operated from within the survey vehicle. The data was collected at a rate of two scans per 
foot of travel along the centerline of each surveyed lane. 

  

Figure 1 – Infrasense GPR Equipment Setup

1 GHz 
GPR Antenna

GPS
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3.   Data Analysis and Results

3.1 Pavement Thickness 

The GPR data was analyzed to identify the thickness of the asphalt concrete (AC) and underlying base 
layers, where detectable. The GPR data, when displayed in a gray scale "B-scan", reveals the pavement 
cross-section including the individual pavement layers. Figure 2a shows a representative sample of the 
data and identifies the layers detected and reported for the project section. Figure 2b shows the same 
sample data, but with the bottom of the asphalt (blue) and underlying base layer (green) “picked” by the 
GPR analyst. The software carries out the dielectric and thickness calculations on this picked data.

  

Figure 2a – Sample GPR Data Showing Pavement Layers 
(Sample Along Centerline of SB Travel Lane) 

Figure 2b – Sample GPR Data Showing Pavement Layers "Picked" By Analyst
(Sample Along Centerline of SB Travel Lane) 

The pavement layer thicknesses were calculated and reported at 25-foot increments. The GPR results 
show an average of 7.3 inches and 8.0 inches of AC in the travel lane and passing lane, respectively. A 
more detailed statistical summary of the layer thickness results is provided in Tables 1-3. 

Pavement SurfaceDistance

Bottom of ACCore MM 60
Base Layer
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The pavement layer thickness results with corresponding distance referencing and GPS coordinates for 
each lane have been submitted as a tabular Excel file (see Attachment A). In addition, depth profile plots of 
the pavement structure have been provided as Attachment B. These are also included within the “Plots” tab 
of the Excel files, along with the core data. Additional information on the principles of GPR for pavement 
thickness measurements is provided as Attachment C.  

Table 1 – Asphalt Thickness Statistics (in)

Lane Average Median 25th 
Percentile

75th 
Percentile

Travel Lane 7.3 7.4 6.1 8.3 
Passing Lane 8.0 8.0 7.0 9.2 

Table 2 – Base 1 Thickness Statistics (in) 

Lane Average Median 25th 
Percentile 

75th 
Percentile 

Travel Lane 3.4 3.3 2.8 3.9 
Passing Lane 3.9 3.8 3.1 4.5 

Table 3 – Base 2 Thickness Statistics (in)

Lane Average Median
25th 

Percentile 
75th 

Percentile 
Travel Lane 10.7 10.6 9.1 12.8 

Passing Lane 12.6 12.7 11.4 13.7 

Coring measurements at 22 locations were provided to aid the GPR analysis by confirming the material 
type for each of the subsurface layers, and to calibrate the thickness calculations of these layers.  The 
average percent error between the core measurements and the final GPR thickness results is 8.9%.







INFRASENSE, INC. GPR PAVEMENT STRUCTURE EVALUATION OCTOBER 3, 2023 
C23-073  ATTACHMENT B - PAGE 1 

ATTACHMENT B 

TABULAR & GEOSPATIAL RESULTS 

transmitted electronically as 

" I-89 SB_GPR Pavement Structure.xlsx” 
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ATTACHMENT C 

PRINCIPLES OF GPR FOR PAVEMENT EVALUATION 

Ground penetrating radar operates by transmitting short pulses of electromagnetic energy into the 
pavement using an antenna attached to a survey vehicle These pulses are reflected back to the antenna 
with an arrival time and amplitude that is related to the location and nature of dielectric discontinuities in the 
material (air/asphalt or asphalt/concrete, reinforcing steel, etc.). The reflected energy is captured and may 
be displayed on an oscilloscope to form a series of pulses that are referred to as the radar waveform. The 
waveform contains a record of the properties and thicknesses of the layers within the pavement (Figure 
C1). 

Figure C1 – Structure of the GPR Signal for Pavements 

The sequence of scans shown on the right of Figure C1 is frequently coded in color or gray scale to 
produce the "b" scan representation, examples of which have been shown in the body of the report. The b-
scan provides the equivalent of a cross sectional view of the pavement, with the individual pavement layers 
showing up as colored horizontal bands. The white and black bands indicate stronger reflections and occur 
when the dielectric contrast is greater. The grey regions indicate weaker reflections and occur when there 
is little dielectric contrast.

Layer thickness is calculated from the arrival time of the reflection from the top and bottom of each layer as 
follows:

Thickness (in.) = (5.9 t)/ a (1) 
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where time (t) is measured in nanoseconds and a is the relative dielectric permittivity or “dielectric 
constant” of the pavement layer (Roddis, et. al., 1992). 
Computation of the dielectric constant of the surface layer can be made by measuring the ratio of the radar 
reflection from the pavement surface to the radar amplitude incident on the pavement. The incident 
amplitude on the pavement is determined by measuring the reflection from a metal plate on the pavement 
surface, since the metal plate reflects 100% of the incident energy. Using this data, one obtains the asphalt 
dielectric constant, a as follows: 
 
 a = [(Apl + A)/(Apl - A)]2 (2) 

where A = amplitude of reflection from asphalt, and Apl = amplitude of reflection from metal plate (negative 
of incident amplitude) (Roddis, et. al., 1992). Table C1 shows typical dielectric constants and associated 
GPR velocities for pavement materials. Note that the range of dielectric constant for asphalt is large, due to 
the variations in density and aggregate composition.

Table C1 – GPR Velocities and Dielectric Constants for Pavement Materials

VELOCITY 

DIELECTRIC 
CONSTANT NOTES

METRIC ENGLISH

M/NS CM/NS IN/NS

0.90 9.0 3.54 11.00 typical for PCC 

0.100 10.0 3.94 9.00 

0.105 10.5 4.13 8.16 

0.110 11.0 4.33 7.44  

0.115 11.5 4.53 6.81  

0.120 12.0 4.72 6.25  

0.125 12.5 4.92 5.76  

0.130 13.0 5.12 5.33  

0.135 13.5 5.31 4.94       typical for AC 

0.140 14.0 5.51 4.59  

0.145 14.5 5.71 4.28  

0.150 15.0 5.90 4.00  

0.155 15.5 6.10 3.75  

A similar calculation can be made for the dielectric constant of the base material. Changes in base moisture 
content have a strong effect on the base dielectric constant, and thus the base dielectric constant can be 
used as an indicator of high moisture content.  
 
The calculations described above are automated in Infrasense’s winDecar data analysis software program 
for computing pavement layer thickness and changes in pavement layer properties. The analytical 
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techniques described above serve as the basis for data analysis carried out during this project, as 
described in Section 3 of the report.
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