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Keywords Abstract: Ground Penetration Radar (GPR) is an important non-destructive testing
E;TOUI)ld Penetration Radar method used in quality control studies on highways. In this study, the GPR device
GPR),

was used to determine the pavement layer thicknesses and to reveal the anomalies
that occurred during the manufacturing on the highways. Within the scope of the
research, field studies were carried out in a certain part of the Antalya-Burdur-
Isparta highway (17 km). Scanning was performed at two different frequency rates
(600 and 1600 MHz) using the GPR device. Two consecutive GPR scans were
performed in the year the highway was renewed and the following year. In the first
year GPR scans, it was determined whether the planned layer thicknesses were
reached or not and abnormal conditions arising from the construction of the
highway. In the second year GPR scans, the changes that occur on the highway after
one year under the traffic load were determined. With this study, it has been
demonstrated once again that the GPR test method is an alternative to destructive
testing methods and is a test method that can collect information about the highway
without damaging.
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D330 Karayolu Burdur Kesiminde GPR ile Karayolu Ustyapi Tabaka Kalinhig: ve
Tabakalardaki Anormalliklerin Belirlenmesi

Anahtar Kelimeler
Zemin Penetrasyon Radar1

0z: Zemin Penetrasyon Radar1 (GPR) karayollarinda kalite kontrol ¢alismalarinda
kullanilan 6nemli bir tahribatsiz test yontemidir. Bu calismada, listyap1 tabaka

(GPR_)* ; ) kalinliklarinin tespiti ve karayollarinda imalat esnasinda olusan anormallikleri
T;l;;batsm test yontemi ortaya koymak icin GPR cihazi kullanilmistir. Arastirma kapsaminda Antalya-
I(Jstya)l;l Burdur-Isparta karayolunun belli bir kesiminde (17 km) arazi c¢alismalar
Karayol’u yapilmistir. GPR cihazi kullanilarak iki farkl frekans hizinda (600 ve 1600 MHz)
Kalite kontrol gorintileme yapilmistir. Karayolunun yenilendigi y1l ve bir sonraki yil tist tiste iki

kez GPR taramasi yapilmustir. ilk y1l yapilan GPR taramalarinda yapimda planlanan
tabaka kalinliklarina ulasilip ulasilmadigi ve yolun yapimindan kaynakli anormal
durumlar tespit edilmistir. Ikinci y1l yapilan GPR taramalarinda ise trafik ytikii
altinda bir y1l sonrasinda karayolunda meydana gelen degisimler belirlenmistir. Bu
calisma ile GPR test yonteminin tahribatli test ydntemlerine alternatif ve karayoluna
hasar vermeden bilgi toplayabilecek bir test yontemi oldugu bir kez daha ortaya
koyulmustur.

1. Introduction

The asphalt pavements are distressed by high volume
of traffic, increase of heavy vehicle, and environmental
effects [1-3]. The pavement forms an important part of
the highway. It performs many positive tasks, from
safety to fuel consumption. In this case, the quality of
the coating is very important. The pavement can be
affected by many factors and subject to deterioration.
Therefore, some precautions should be taken [4-7].

*Corresponding author: sercanserin@osmaniye.edu.tr

The effects of the deterioration will vary in different
sections of the highway depending on the class of the
highway, the quantity of traffic and the loading
situation on the highway. Therefore, different
maintenance and repair strategies and programs can
be developed for each highway [4-7].

Many non-destructive test methods have been studied
by researches for long times to prevent the disaster in
highway due to the fatigue crack or settlement of
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asphalt pavement in advance [1-3]. Traditionally, the
thickness of asphalt layers was evaluated by
measuring the strain and pressure of highway or by
collecting the core samples directly [1, 8-9]. Although
these methods are reliable by giving accurate results,
they are expensive, time consuming and provide local
information compared to non-destructive test
methods. To overcome these limitations, the use of
non-intrusive techniques is often recommended [10-
11].

There has been a continuous increase in the use of
non-destructive testing (NDT) to evaluate civil
engineering structures recently [12]. Ground
Penetrating Radar (GPR) is one of the most frequently
used NDT on highway inspections because it is
relatively fast technique that gives overall internal
image of the shallow subsurface [1]. GPR is a pulse
NDT method for locating structural objects and
assesses pavement material layer thicknesses and
properties [13-14]. There are different studies carried
out using the GPR method in the literature.

Saarenketo et al. carried out the quality control of the
asphalt pavement using electromagnetic
measurement methods and created deterioration
maps. Until that time, the same author carried out a
series of studies for the determination of crack widths,
transverse and longitudinal cracks and layer
thicknesses in the Scandinavian region. Thus, they
have been instrumental in including the GPR
technique as a quality control tool in this region. [15-
20].

Al-Qadi et al. carried out experiments on flexible
airport pavements in a study called on-site
determination of the densities of asphalt pavements
with the GPR technique. In order to determine the
pavement density, the dielectric and density data were
compared with the GPR based on the dielectric
coefficients of the pavement. At the end of all studies,
it has been determined that density determination
with the GPR method is easier and gives better results
than traditional nuclear methods [21].

Colagrande et al, examined the deteriorations in
flexible pavements with GPR. Researchers studied
forty different paths with and without distortion at
1600MHz and 600MHz GPR frequencies. They also
supported their studies statistically and revealed the
causes of deterioration [22].

Ahmad et al. conducted a study on the feasibility of
detecting cracks in asphalt pavement with GPR.
Researchers did not use traditional destructive
methods for the detection of cracks due to their time
consuming and high cost, instead they investigated the
usability of the non-destructive GPR method [23].

Mardeni et al. carried out pavement density analyzes
with the GPR technique. They used the distortion

estimation as a factor to determine the density of the
pavement using the GPR frequency range of 1.7 - 2.6
GHz. As a result of the study, they found that pavement
density was predicted more successfully with low GPR
frequencies of 1.7 GHz [24].

Al-Qadi et al. used the GPR method to evaluate railway
ballast  conditions  quickly, effectively and
continuously. They evaluated the ballasts of the
smooth railway with the same characteristics and the
ballasts with deterioration, using the GPR data,
scattering analyzes were carried out to detect the
railway ballast deterioration. As a result of the study,
they presented a new methodology showing that 2
GHz GPR antennas can be used to evaluate railway
ballast material [25].

Zhou and Scullion, in the report they prepared in 2007,
stated that non-destructive testing methods can be
used for the evaluation of flexible pavement coatings.
In this report, the results are presented by using the
GPR, FWD and compression dynamic deflectometer
(RDD) together. The GPR was used to determine the
layer thicknesses of the existing pavement and the
moisture zones where potential deterioration would
occur [26].

Kim et al. combined two GPR systems operating in
different frequency bands at the same time and
applied them to evaluate the asphalt pavement. The
layer thicknesses of the asphalt pavement, the air
spaces therein, the groundwater close to the substrate
and the defects caused by these were monitored with
GPR [1].

In this study, reconstructed layered system with 17
km highway section was investigated by using the
Ground Penetration Radar (GPR) which is one of the
nondestructive test methods (NDT). In this way,
pavement layer thickness and anomalies occurred in
time and during construction stages were
investigated.

2. Material and Method
2.1. Method

Ground Penetration Radar (GPR). GPR is an important
test method designed to determine the content of both
natural and man-made materials. It can also be used to
locate buried objects underground [15-16]. GPR
technology was first used in transportation
engineering applications in the mid-1970s [21,27].
Since then, it has been used frequently in different
applications in this field [21]. GPR test equipment
enables continuous and fast data collection in
direction of the same profile. The most important
parts are antennas, data acquisition equipment and
distance measuring devices [21].
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Figure 1 shows the signals sent from GPR antennas in
a three-layer structure. The signals reflect from the
interfaces and reach the antenna again. The data of the
records are processed and taken from the GPR screen.
Then, the images are analyzed and information about
the structure is revealed [28].
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Figure 1. The working principle of GPR [28].

GPRs are grouped in two ways. This grouping is called
depending on how the antenna is mounted. These are
air-coupled systems or ground-coupled systems [21].
In this study, an air-coupled GPR antenna system
capable of collecting data 150 to 500 mm above the
ground is used. Figure 2 shows the amplitudes
obtained directly from GPR data.
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Figure 2. GPR signal reflections in highway layer interfaces
[21].

The velocity of the electromagnetic wave decreases
with an increase in the dielectric constant. The speed
of electromagnetic wave is approximately:

Cc
vV =— 1
Ve W
Where: v, signal velocity; c, velocity of light (0,3 m/ns);
and ¢,, relative dielectric constant.

The depth of a layer of material is determined from the
time it takes the reflected wave to be detected at the
receiver. The depth is calculated as:

d =v% )

Where: d, thickness of layer; v, velocity of
electromagnetic wave through the layer; and A,, time
between reflections [29].

2.2, Study area and material properties

In the current study, the performance of GPR to
measure the thickness and anomaly of asphalt
pavement layer in the newly constructed Antalya-
Burdur-Isparta highway in Turkey were tested. The
tests have been carried out along with 17 km section
of 100 km highway [30].

The highway was constructed by adding 4 new layers
on the existing pavement and subgrade layers. These
layers include wearing course, binder course,
bituminous base, plentmix layer and subgrade layer. A
real section illustrating the layers and layer
thicknesses of the highway are given in the Figure 3. In
this study, wearing course, binder course and
bituminous base layers have only been examined. The
maximum thicknesses of these layers are determined
in the design project as 5 ¢cm, 8 cm and 13 cm,
respectively [30].

Wearing course (5 cm)

Binder course (8 cm)

Bituminous base layer
| (13 cm)

Plentmix layer (10 cm)

Existing pavement and
subgrade layers

iy My

¥

Figure 3. A real section showing the layers of the highway.

The basic physical properties of these layers are
presented in the Table 1. These physical properties
are optimum bitumen content (%), density, Marshall
Stability, Voids (Vh), bitumen flow values, voids filled
with bitumen (Vf), VMA of the layers. Also, the
aggregate gradations used in these three layers are
given in the Table 2.
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Table 1. The basic physical properties of the layers.

Wearing Binder Bituminous
Course Course Base
Optimum Bitumen 4.80 4.30 4.00
Content %
Density, Dp (t/m3) 2.407 2418 2.418
Marshall Stability, 1380 1370 1380
MS (kg)
Voids, Vh (%) 3.93 4.42 4.67
Bitumen flow 3.25 3.50 3.75
values, (mm)
Voids filled with 72.3 67.0 64.2
bitumen, Vf (%)
VMA (%) 14.2 13.1 13.1

Table 2. Aggregate gradation of the layers.

Sieve Diameters

Bituminous Base Binder = Wearing
mm  inch Course Course
375 11/2" 100.0 100.0 100.0
25 1" 91.5 100.0 100.0
19 3/4" 78.0 89.7 100.0
12.7  1/2" 64.9 69.4 88.7
9.5 3/8" 57.2 58.3 81.5
475 No.4 40.8 40.9 47.5
2.00 No.10 29.2 29.2 33.2
0.425 No.40 12.5 12.5 13.9
0.177 No.80 8.4 8.4 8.6
0.075 No.200 4.2 4.2 53

3. Results

In this study, GPR surveys on Antalya-Burdur-Isparta
highway (D330) were conducted as soon as the
highway was put into service and next year. The
antennae were air-coupled to avoid damage from
obstacles along the track. In this context, the highways
layers were scanned immediately after the
reconstruction with 40 ns display speed up to 3.5 m
depth by the help of different GPR antenna having 600
and 1600 MHz frequency. The data were collected at a
speed of 40 km/h. The GPR equipment setup is shown
in Figure 4.
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Figure 4. Installation of GPR antenna on vehicle and instant
data transfer to PC.

GPR data was passed through eight different
processes using the Reflex program for clearly view of
the layers and detection of layer thicknesses. These
consist of filtering and amplitude changing processes.
After all these processes, it was found that the best
imaging frequency was obtained at 1600 MHz.
Different researchers have made similar studies for
layer thickness estimation in other GPR frequency
ranges [22-24]. Figure 5 shows GPR images obtained
with 600 MHz and 1600 MHz antenna.

Time and depth indicators were created on GPR
images with Reflex program depending on amplitude
of the air zone, the reflection time and the velocity of
electromagnetic wave. These indicators are shown on
the right and left of the GPR images.

The distance between the point where the GPR
antenna is fixed and the layer of the first reflection is
determined. Thus, the first reflection distance of the
air zone has been determined. And then, the air zone
displays have been cleaned by the help of the analysis
program from the GPR image. Thus, the layers forming
the pavement were identified. Figure 6 shows the
layers of existing pavement, subgrade layer and new
highway layers. Layer changes points are clearly seen
in the figure. GPR images are divided into 100-meter
sections because the imaging distance is very long.
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Figure 5. GPR images obtained with 600 MHz and 1600 MHz antenna.
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Figure 6. Layered structure of pavement for first year GPR measurement (130+800-130+900 km).

This figure shows wearing course, binder course,
bituminous base and plentmix layer of the new
highway. Furthermore, it shows existing pavement
layer and subgrade layer. It was found that large parts
of the existing pavement were damaged.

Analyzes were carried out to determine the
thicknesses of the layers of the new highway. The
reflection times (t and At) and velocity (v) for each
layer were determined. Then the thicknesses of the
three layers (d) were calculated. The measurements
determined by the GPR were compared with the actual
project data given in Table 3.

130+800 1304850 130+900
0

Table 3. Comparison of actual project layer depths and GPR
results

Wearing Binder Bituminous

Course  Course Base
Reflection time (At) ns 1.6 2.0 2.2
Layer thickness 5.6 7.0 8.75
determined by GPR
(d) (cm)
Layer thickness of 5.0 8.0 11.0
the project (cm)

As aforementioned, GPR surveys were conducted in
the first year and the next year, after the building of
highway. GPR images taken from the same highway
section for two years are presented in Figure 7.

130+950 131+000 131+040
00

Time ps)

Time ps)

GPR imags taken in the second year

(suudz00=0 12 [sugjow] Yydaq

[syui20 0= 2 [ss810W] Yideq

Figure 7. GPR images taken from the same highway section for two years.
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When all of the images are examined after filtering, it
is seen that some regions haven’t a boundary between
the wearing course and binder layer and between the

130+900

130+950

binder and the bituminous base layer. In addition, the
collapsed and swollen old highway layers are striking
in the views (Figure 8).
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Figure 8. The distinction between layers and anomalies in layered structure (130+900-131+000 km).

Also, artifacts such as ditches, culverts and bridges on
the route were clearly seen in the GPR images. The
layers and layer changes of the natural ground were
also seen below the old highway layer. When the figure
below is examined, it can be seen that there is a clear
collapse in natural ground (Figure 9).

Another important finding of all GPR images is the
observation of obvious changes in layer thicknesses
even at very short distances. The differences in the
thicknesses of the layers due to the construction of the
highway are standing out. These details provide
important information to control the quality of
highway in first and after years (Figure 10
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Figure 9. Anomalies in the layered structure (131+600-131+700 km).
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Figure 10. Anomalies in the layered structure (131+700-131+800 km).

When the images taken in the second year were
carefully examined, collapses were observed in the
lower layers. It was also found that the layers seen
immediately below the plentmix layer were the old
highway layers in the images obtained for every two
years. It is clearly seen that these layers are damaged
for the first and second year.

It is stand out that in the second year GPR images, the
boundaries between the layers do not appear clearly
in some highway sections. In addition, the layer
thicknesses of some highway sections have changed
due to the vehicle loads that have been passing by for
a year.

4., Discussion and Conclusion

In previous studies with GPR, either the layer
thicknesses on the highway were determined or the
deteriorations in the pavement were determined. In
this study, on the same highway section, both the layer
thicknesses and the deteriorations on the highway are
presented together. On the other hand, taking two
measurements on the same highway with one-year
intervals and comparative analysis distinguishes the
research from other studies.

In this study, it is presented differences in the
thicknesses of the layers by using GPR method. The
results obtained from the study reveals that GPR
method is suitable for determining layer thicknesses.
The highway layers were scanned immediately after
the reconstruction with 40 ns display speed up to 3.5
m depth by the help of different GPR antenna having
600 and 1600 MHz frequency. It is seen that the most
suitable scanning frequency is 1600 MHz. It also
helped to identify construction faults. These details

provide important information to control of the
highway quality for first and after years. Thus, it can
be determined whether the layer thickness has been
reached on planning the design or not.

In other respects, it was possible to determine if there
was sufficient compaction in the layers. With this
method, anomalies on the pavement layers and
between these layers were also determined. In
addition, this method is very useful to predict the
highway defect location in advance. The
deteriorations such as collapse and decomposition
were detected with the data especially taken in the
second year. Consequently, GPR is a non-destructive
method that does not damage the highways and all
these informations are easily presented to the user.
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