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ABSTRACT

This study aimed to investigate the effectiveness of ground-penetrating radar
(GPR) for identifying subsurface cavities and fractures in roads.

[YIETTY Data were collected using a GPR system (model 1760, ImpulseRadar Co., Sweden), which had
two central antennas with frequencies of 170 and 600 MHz. Data acquisition was carried out in three
areas: A road under construction in the Gachsaran Formation, a section of an asphalt-paved street in llam
province, and an area including an old, small, buried tunnel in Kermanshah City. The geology of these areas
is different and ranges from the Gachsaran Formation to Holocene sediments. The distance determined
for the data acquisition step was 4 centimeters. The wave penetration depth in both antennas varied
by geology type in these areas. The data after different processing steps were examined using wave-
spectrum analysis, characteristics, and evidence of anomalies to distinguish cavities and fractures.
SIS After performing all the processing steps, the results confirmed the presence of cavities and
fractures. Also, the high agreement in the overlapping areas between the two antennas was clearly visible.
' Since choosing the appropriate antenna frequency for GPR plays a key role in the ability to
Received: 10 Aug 2025 © properly detect the electrical properties of materials, the results show the proper efficiency of the GPR
Accepted: 18 Sep 2025 method with the aforementioned antennas in identifying subsurface cavities and fractures in roads.
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Introduction

oday, identifying subsurface discontinuities

such as cavities and fractures in roads and

passages is considered one of the important

challenges (Bendetto et al., 2017). These

discontinuities can reduce the resistance of
road structures, cause collapses, create dangerous subsid-
ence and surface depressions that give the roadway an un-
sightly appearance and generate high costs for roadway
repairs. One of the issues that challenges the construction
and maintenance of this type of infrastructure is the lack
of sufficient knowledge of the subsurface layers, which
sometimes causes extensive damage during construction
or operation. Conventional methods for identifying sub-
surface discontinuities are often destructive and based on
drilling and sampling, which, despite their high reliability,
are costly and time-consuming. Therefore, geophysical
methods can be used for road studies due to being cost-ef-
fective and time-efficient (Hosaini et al., 2017). Among
these geophysical methods, ground-penetrating radar
(GPR) is of great importance due to its high accuracy and
speed, and non-destructiveness. It is considered one of the
electromagnetic methods (Slob et al., 2010). The use of
high-frequency electromagnetic waves for subsurface ex-
ploration dates back to 1904 when Hulsmeyer, a German
inventor, invented a radar device (Parasnis, 1997). The
use of radar became popular in 1956 and was developed
more widely from 1970 onwards. GPR is able to detect
changes in the electrical properties of materials. However,
the selection of the appropriate antenna frequency is con-
sidered to be one of the key parameters in the success of
this method (Daniels, 2004).

Although several studies have investigated the effec-
tiveness of GPR in identifying subsurface discontinui-
ties, systematic comparison of the capabilities of anten-
nas with different frequencies (especially 170 and 600
MH?z) in environments with different soil types, as well
as targeted processing and wavefront spectrum analysis
for optimal interpretation to distinguish between types of
discontinuities, requires further research. Therefore, this
study aims to investigate the capability of GPR with 170-
and 600-MHz antennas in detecting subsurface cavities
and fractures.
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Materials and Methods
Ground penetrating radar

The GPR method is the most widely used geophysical
shallow technique that requires high-resolution accuracy
(Annan, 2009). The basis of this method is the reflection
of electromagnetic waves at the boundary of layers with
different resistivity and magnetization. In this method, the
radio waves are generated by special transmitters (anten-
nas) and, after penetrating into the ground and reflecting
from the boundary of the layers, are recorded by inductive
receivers. Since the transmitter and receivers are mounted
side by side on a portable setup, the data acquisition speed
in this method is very high. The accuracy of this method
ranges from a few centimeters to several meters, depend-
ing on the frequency of the antenna used. Ground-based
radar operates by transmitting electromagnetic waves
(10-1000 MHz) into the ground and receiving reflected
pulses when encountering discontinuities (Ahmadi et al.,
2014). The discontinuity can be a boundary between lay-
ers, an impurity, boundary between materials with differ-
ent dielectric properties, a buried object (e.g. pipe) or de-
lamination of that cross section (Figure 1). The amplitude
of the received echoes and their corresponding arrival
times can be used for subsurface modeling to determine
the nature and location of the discontinuity.

Compared to other non-destructive techniques such as
infrared, ultrasonic, or microwave thermography, GPR
offers greater penetration power and can therefore model
at greater depths. High-frequency antennas (800 MHz
and above) are used in shallow areas (<2 m depth) to
achieve high accuracy, while lower-frequency antennas
(300, 250, 100, and 50 MHz) are used for deeper depths.

GPR is a real-time method that uses high-frequency
radio waves to acquire data at very high velocity and
resolution (Neal, 2004). Changes in the velocity of wave
propagation due to differences in the electrical properties
of materials will result in differences in the time it takes
for the waves to travel and return. As the antennas move
along the survey line, they collect a time series of received
data at specific points along the line. These time series are
then combined to create a subsurface scan view. Figure 2
shows a schematic diagram of the GPR wave propagation
and recording. The data is recorded in specific formats.
After going through various processing steps, this infor-
mation is transformed into georadar sections that are used
to identify various targets.

Abbasabadi-Arab., et al. (2025). Evaluation of Disaster Risk Management Standards in Tehran Province Hospitals. DMKP. 15(3), 364-383.
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Figure 1. Schematic diagram of the GPR method in a 3-layer ground cross-section: Transmitted and received radar signals from the

layers (left) and speedometer timeline history (right)

Data collection and study area

In this study, data were collected in designated sections
within the target areas using a radar (model 1760, Im-
pulseRadar Co., Sweden), shown in Figure 3. This model
has two antennas with frequencies of 170 and 600 MHz.
The data collected with this tool, with high resolution, al-

lows us to identify layers, cavities, and fractures near the
surface (<12 meters) (Goodman & Piro, 2013).

Data collection was carried out in three areas, including
a road under construction (first area), an asphalt-covered
street and road (second area), and the road on a small old
tunnel (third area). Figure 4 shows a satellite image of the

Figure 2. Schematic diagram of GPR wave generation and recording (left) and recorded signals in a survey direction (right). Tx=

Transmitter, and Rx= Receiver.
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https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

Autumn 2025. Vol 15. Issue 3

Figure 3. The used GPR device

selected areas as well as a view of the profiles taken in
these areas. These areas were selected in such a way that
the cavities and fractures in them were visible or obvious.
Geologically, these areas contain Holocene sediments.
Two areas were in Ilam Province and one area on the out-
skirts of Kermanshah City, all of which were located in the
Zagros geological zone. The road under construction was
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in the Gachsaran Formation. One of the characteristics of
this Formation is its high susceptibility to erosion, espe-
cially erosion caused by water. This formation consists
of more than 500 meters of alternating red to blue-gray
gypsum and marl, interbedded with cream-colored marly
limestone. In fact, the dissolution rate of these materials is
much higher than other rocks. Accordingly, karsts, cavi-

Figure 4. A satellite image of the study areas (upper) and survey lines (blue lines) in each study area (lower)

Abbasabadi-Arab., et al. (2025). Evaluation of Disaster Risk Management Standards in Tehran Province Hospitals. DMKP. 15(3), 364-383.
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Figure 5. Image of the study areas: The road under construction (upper), the asphalt-covered road with cavities (lower right), and

the road on a small old tunnel (lower left)

ties, frequent fractures, foliation, and spongy conditions
in areas close to the surface are observed in this forma-
tion. Figure 5 shows the study area and the cavities and
fractures on the surfaces.

Data processing

In this study, data acquisition was performed with two
antennas with center frequencies of 170 and 600 MHz

and a horizontal sampling distance of 4 cm. Reflexw
and CrossPoint were used to process the data. The data
processing steps included automatic gain control (AGC),
bandpass filtering, Dewow filtering, static correction,
subtract-DC-shift, and background removal. It should
be noted that after data processing, only the results of the
identified anomalies are presented. The values of the pa-
rameters used in different stages of data processing are

Table 1. Values of the parameters used in different steps of data processing

Processing Unit
AGC 55-300 Nanosecond
S 42-350 (Antenna 170 MHz)
e e Gl g 150-950 (Antenna 600 MHz) MHz
- 10 (Antenna 170 MHz)
Dewow filtering 3 (Antenna 600 MHz) Nanosecond
Static correction First received -
Subtract-DC-shift Removing the mean -
Background removal 12 P LR Meter

2-6 (Antenna 600 MHz)

Abbasabadi-Arab., et al. (2025). Evaluation of Disaster Risk Management Standards in Tehran Province Hospitals. DMKP. 15(3), 364-383.
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Figure 6. A sample of data before (upper image) and after applying the processing steps (lower image)

Figure 7. Results obtained for processed data from the first study area for two antennas of 600 MHz (upper image) and 170 MHz
(lower image)

Abbasabadi-Arab., et al. (2025). Evaluation of Disaster Risk Management Standards in Tehran Province Hospitals. DMKP. 15(3), 364-383.
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Figure 8. Results obtained for processed data from the second study area for two antennas of 600 MHz (upper image) and 170 MHz

(lower image)

presented in Table 1. Figure 6 shows an example of the
data obtained before and after processing.

Data analysis

After data processing, velocity analysis and wave spec-
trum analysis were performed, taking into account the
characteristics of subsurface cavities and fractures in the
GPR data, as well as examining the reflection coefficient
and phase of the waves returning from the anomalies ob-
served in the data, and the results were interpreted.

Results

Figure 7 shows the results of the processed data for the
first study area using both the 600 and 170 MHz antennas.
In this figure, the location of the cavities and fractures is
depicted. The results indicate the presence of many cavi-
ties with different dimensions from one meter to several
meters, which are located along the fractures (crushed
area) and in combination with them. Due to the large
number of small cavities in this area, only large cavities
and fractures are shown in Figure 7. The area with these
discontinuities is also shown well and with high resolu-
tion. The results obtained using the 600 MHz antenna

show more detail in the near-surface region and confirm
the extension of the region to the ground surface.

Figure 8 shows the results after data processing for the
second area, which was an asphalt-paved street with sub-
surface cavities. By using both the 600 and 170 MHz an-
tennas, the presence of a cavity in the area was evident. It
should be noted that the data in this area were collected in
different parallel lines with a distance of one meter from
each other, and the best profile for detecting the cavities
was selected and presented. The void identified in these
data is close to the surface and is in complete agreement
with field observations. The cavities along the profile line
were about 3 meters in length and about 1 meter in height.

For the third study area, where a small old buried tun-
nel is located, the results are shown in Figure 9 using
both the 600- and 170-MHz antennas. In this survey, after
finding the area and route of the tunnel, 15 profile lines
were surveyed perpendicular to the possible road, with a
distance of 3 meters from each other. In most of the re-
sults obtained for these profiles, the location of the tun-
nel was clearly visible. However, in two of these profiles,
the anomaly related to the tunnel was lower, which could
indicate local filling of the tunnel. Given that the tunnel
was relatively deep (6-7 m depths), its presence was vis-

Abbasabadi-Arab., et al. (2025). Evaluation of Disaster Risk Management Standards in Tehran Province Hospitals. DMKP. 15(3), 364-383.
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Figure 9. Results obtained for processed data from the third study area for two antennas of 600 MHz (upper image) and 170 MHz

(lower image)

ible using the 170-MHz antenna. It should be noted that
there were also underground facilities in this area, includ-
ing several pipes, the image of which is well defined in
the results using the 600-MHz antenna. Considering the
profile passing in a direction almost perpendicular to the
identified route for the tunnel, the tunnel cavity was about
80 centimeters in width and about 1 meter in height.

Conclusion

In this research, using a GPR device with two antennas
with central frequencies of 170 and 600 MHz, subsur-
face studies of three areas with evidence of cavities and
fractures were conducted. The first study area was in the
Gachsaran Formation; it was a road under construction
in Ilam Province. The second area was an asphalt-paved

street in [lam Province. The third study area was in Ker-
manshah City; the area was a road on a small, old tunnel
that was buried decades ago. All three areas had different
dimensions, depths of placement, and geological condi-
tions of the cavities, allowing the efficiency of the GPR
method to be evaluated using 600- and 170-MHz anten-
nas. Both antennas were used to collect data at their best
penetration depth; for near the surface (<3-m depth) the
600-MHz antenna was used, while for greater depth (<14
meters) the 170-MHz antenna was used. The results from
all three areas, after data processing and analysis, con-
firmed the presence of cavities and fractures at varying
depths and dimensions. Overall, the results revealed the
high capability of the GPR method to identify cavities and
fractures, and, consequently, the presence of areas prone
to collapse.

Abbasabadi-Arab., et al. (2025). Evaluation of Disaster Risk Management Standards in Tehran Province Hospitals. DMKP. 15(3), 364-383.
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2. AGC

3. Bandpass filter
4. Dewow filtering
5. Static Correction
6. Subtract-DC-shift

7. Background Removal
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