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EVALUATION OF PAVEMENT LAYERS THICKNESS
FOR AL-KUT- BAGHDAD RURAL HIGHWAY USING

GROUND PENETRATING RADAR

Abdulhaq Hadi A Al-Haddad1 and Ahmed Ali Abed2*

The Ground Penetrating Radar (GPR) was used in measuring the thickness of the pavement
layers at Al Kut-Baghdad rural highway, 800 MHz antenna was used in scanning the selected
highway section. According to the processed GPR data, the selected pavement consists of
asphaltic layers with total thickness (26-29 cm) and a sub-base layer with thickness (36-42
cm). Three-cored sample of asphalt are taken from the selected highway pavement section in
order to evaluate the accuracy of the GPR results. By comparing the GPR results with the
cored samples, the accuracy of the GPR results is (95.2%).
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INTRODUCTION
Ground Penetrating Radar (GPR) is a well-
established nondestructive method for
investigating the internal composition of many
naturally occurring materials such as rocks,
earth and gravel, and man-made materials like
concrete, brick, and asphalt. It can also be
used to detect metallic and non-metallic pipes,
sewers, cables, cable ducts, voids,
foundations, reinforcing rods in concrete, and
a whole host of other buried objects (Zhou and
Scullion, 2006).

The term GPR refers to a range of
electromagnetic techniques designed

primarily for the location of objects or
interfaces buried beneath the earth’s surface
or located within a visually opaque structure.
GPR technology is widely application-oriented
and the over all design concept, as well as the
hardware, is usually dependent on the target
type and the material of the target and its
surroundings. As the sophistication of
operating practices increases, the technology
matures and GPR becomes an intelligent
sensor system. The intelligent sensing deals
with the expanded range of GPR applications,
which includes applications for archaeology,
geophysical research, building and structural
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aspects, road quality assessment, mine
detection, etc. Focusing on road quality
assessment, it has been stated that GPR is a
nondestructive sensing technique and can be
applied dynamically at driving speeds to
achieve a continuous profile of the pavement
structure. Due to recent hardware and software
improvements, real-time cursory analysis can
be performed in the field. Because of these
and other reasons, GPR has become an
increasingly attractive method for the
engineering community, in particular, for
shallow high-resolution applications such as
pavement evaluation (Loizos and Plati, 2007).

Ground penetrating radar is a special type
of radar designed to evaluate internal in
homogeneosity and predict layer thickness of
structures by penetrating the surface with
electromagnetic waves. Among the various
types of GPR systems, a pulsed (or impulse)
GPR system is the most commercially
available and commonly used to evaluate
transportation infrastructure. The principle of
the pulsed systems is that a narrow
electromagnetic (EM) pulse transmitted into
the ground is reflected back from the interfaces
of materials that have distinct dielectric
properties. The most common uses of GPR in
pavement engineering are to measure
pavement layer thicknesses, to identify large
voids, to detect the presence of excess water
in a structure, to locate underground utilities,
and to investigate significant delamination
between pavement layers (Al-Qadi et al.,
2010),).

GPR PRINCIPLES
GPR systems use discrete pulses of radar
energy with a central frequency varying from

10 MHz up to 2.5 GHz to resolve the locations
and dimensions of electrically distinctive layers
and objects in materials. Pulse radar systems
transmit short electromagnetic pulses into a
medium and when the pulse reaches an
electric interface in the medium, some of the
energy will be reflected back while the rest will
proceed forwards (Figure 1). The reflected
energy is collected and displayed as a
waveform showing amplitudes and time
elapsed between wave transmission and
reflection. When the measurements are
repeated at hertz frequencies (currently up to
1000 scans/second) and the antenna is
moving, a continuous profile is obtained
across the target (Saarenketo, 2006).

Figure 1: Basic Principle Gpr Technique
With Horn Antenna For Pavement

Examination, T Represents the
Transmitting Antenna And R the Receiver

Antenna. Interface 1 Presents the
Air-asphalt Interface, 2 Presents the
Asphalt-base Course Interface and

3 Presents the Base-sub Base
Interface, [4]

The most successful application of the GPR
in pavement engineering is to determine the
pavement layer thickness. By “picking” the first
peak of the reflected electromagnetic wave,



34

Int. J. Struct. & Civil Engg. Res. 2013 Ahmed Ali Abed and Abdulhaq Hadi A Al-Haddad, 2013

the thickness is determined by the layer
dielectric constant (µ) and travel time (t) in
nanoseconds.

( ) 11.8* /h in t  …(1)

In practice, one may use the amplitudes of
the reflected pulses to estimate the in-situ
dielectric constant. Given that the dielectric
constant in air is equal to (1), the subsurface
layer dielectric constant can be calculated from
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where A0 and Am are the reflected amplitude
from the top of surface layer and the metal
plate, respectively.

The dielectric constant of the subsequent
layer is calculated from
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where A1 is the reflected amplitude from the
top of subsequent layer, moreover, a similar
formula can be recursively obtained for the nth

layer
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where Ai is the reflected amplitude from the
top of ith layer, and yi is the reflection coefficient
between the ith and i+1th layers and can be
calculated using the following equation
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Since this technique relies greatly on the
surface reflection, and because of the different
compositions and ages of the layers in older
pavements, the computed dielectric constant
may not be accurate. The error of thickness
based on this dielectric constant estimation is
around (±5 to ±7.5%) for asphalt layer
thickness, and (±9:5%) for base layer
thickness (Yuejian et al., 2008).

A ranges of dielectric constants and
propagation velocities for typical pavements
materials are given in Table 1 (Yuejian et al.,

Table 1: Dielectric Constants and
Propagation Velocities of Pavement

Materials [6]

Material Dielectric Propagation
Constant Velocity (m/ns)

Air 1 0.3

Ice (Frozen soil) 4 0.15

Granite 9 0.1

Limestone 6 0.12

Sandstone 4 0.15

Dry sand 4 to 6 0.12 to 0.15

Wet sand 30 0.055

Dry clay 8 0.11

Wet clay 33 0.052

Asphalt 3 to 6 0.12 to 0.17

Concrete 9 to 12 0.087 to 0.10

Water 81 0.033

Metal  0
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2007).

GPR DATA COLLECTION
The GPR type used in the field work is REMAC

Figure 3: GPR Raw Data
Using 800 MHz Antenna

Figure 2: RAMAC GPR
Used in the Highway Scanning

GPR produced my MALA Company for
geosciences as shown in Figure 2.

Al Kut-Baghdad rural highway is selected
to be studied, by the coordination with the
authorities at the main checkpoint at Al Kut
Baghdad main checkpoint the highway was
closed for (30) minutes, and 1 km of the
selected highway is scanned using the GPR
with 800 MHz antenna, the raw data are
presented in Figure 3, the following settings
were applied;

Time Window: 61 ns

Sampling frequency: 8418 MHz

Stacks: Auto

Antenna Separation: 0.14 m

Velocity: 100 m/ns

GPR DATA PROCESSING
RAD Explorer computer program produced by
MALA Geosciences was used in processing
the GPR collected data, the raw data could
not be directly interpreted, but after applying
some filters and investigating the wiggle
traces, the pavement layers interfaces
appeared clearly. The processed GPR data
indicate that, the highway consists of four
asphaltic layers with total thickness
approximately (26-29 cm) and a sub-base
layer with total approximately (36-42 cm).

Figure 4: Pavement Profile
at Station (1:65)



36

Int. J. Struct. & Civil Engg. Res. 2013 Ahmed Ali Abed and Abdulhaq Hadi A Al-Haddad, 2013

Figure 5: Pavement Profile
at Station (5:00)

Figure 6: Pavement Profile
at Station (8:35)

Station Layer No. Layer Type Thickness
cm

1:65 1 Asphaltic 29

2 Asphaltic

3 Asphaltic

4 Sub-base 39

5:00 1 Asphaltic 27

2 Asphaltic

3 Asphaltic

4 Sub-base 42

8:35 1 Asphaltic 28

2 Asphaltic

3 Asphaltic

4 Sub-base 36

Table 2: Pavement Layers Thickness
Measured by GPR

Figures 4, 5 and 6 present the processed GPR
data at stations (1:65, 5:00 and 8:35 m) from
the beginning of the selected section. Table 2
presents the GPR results.

DETERMINATION OF PAVEMENT
LAYERS MATERIALS
The main property used to determine materials
type is the dielectric constant. The hyperbola
tool in the RadExplorer program is used to
determine the dielectric constant of the
selected pavement layers, the GPR data
investigated at different locations and

Figure 7: Dielectric Constant
Measuring at Asphaltic Layer

Figure 8: Dielectric Constant
Measuring at Sub-base Layer

Table 3: Dielectric Constant (µ)
Measurements

  
Material Type

 at station

 1:65 5:00 8:35

HMA layer 5.2 5.0 4.8

Sub-base layer 9.2 8.7 9.3
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elevations in order to determine types of the
pavement layers. Figures 7 and 8 show the
using of the Hyperbola tool during the GPR
data processing. Table 3 presents the results
of the measured Dielectric Constant.

By comparing the results in Table 3 with the
specifications in Table 1, all pavement layers
could be determined.

ACCURACY OF GPR RESULTS
In order to evaluate the accuracy of the GPR

Figure 9: Asphaltic Cored Samples

Figure 10: The Cored Samples Map

Table 4: Cores Dimensions and
Coordinates

Station Core    Cartesian Coordinates Total Thick-

No. ness for

E N Asphaltic

m m layer only cm

1.65 1 569378 3600232 27.6

5.00 2 569078 3600473 25.8

8.35 3 568779 3600625 26.7

results, three cored samples are taken from
the selected highway pavement section. the
cored samples are shown in Figure 9. Figure
10 is a thematic map shows the locations of
the cored samples. The properties of the cored

Table 5: Accuracy of the GPR Results

                       Asphaltic Layer
                 Thickness Measurements % of Error

Station GPR cm Core Sample cm 100*
Core

CoreGPR 


1:65 29 27.6 5.1%

5:00 27 25.8 4.6%

8:35 28 26.7 4.8%

Average error 4.8%

Accuracy 95.2%

samples are presented in Table 4.

By comparing the GPR results shown in
Table 2 with properties of the cored samples
shown in Table 4, the accuracy of the
GPR results can be calculated, as shown in
Table 5.

Table 6: Accuracy Requirements of GPR
Results (Maser, 1996)

Layer Material Error %

New HMA layer 3-5

Old HMA layer 5-10

Concrete layer 5-10

Granular base layer 8-15

Maser (1996) presented a requirements to
use the GPR in determining the thickness of
the pavement layer, as shown in Table 6. By
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comparing the GPR results with the accuracy
requirements in Table 6, it is concluded that
the GPR accuracy complies with the
requirements.

CONCLUSION
The GPR presented a good accuracy (95.2%)
in determining the thickness of the pavement
layers comparing with the cored samples. By
the same time, it is noticed that the GPR
accuracy in measuring the thickness of the
layers reaches to (1 cm) by using 800 MHz
antenna in investigation depth not more than
1 m.
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