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Abstract

The study area holds great importance as it is situated in the historically
significant region of Karbala, one of the most religious centers in the entire Islamic
world. The Al-Hussein and Al-Abbas holy shrines are religious and archaeological
sites, for more than 600 years ago. Karbala has more importance for all Islamic
peoples because it is the place of Al-Imam Al-Hussein and his brother Al-Abbas
holy shrines and martyr graves of Al-Hussein family and friends whom they had
martyred beside him in Al-Tuff battle in the year 61 hijri. The word Karbala means
soft earth, but historically, it meant life and safety. According to old Iraqi language
the name of Karbala was country of safety.

Ghaidan building is located at the center of Karbala about 100 km south of
Baghdad. It is a modern building that was built in 2020 on soil containing the ruins
of an old building. The area of the building is 71 m?and its dimensions are 6.20m
x11.45m. A differential settlement of the soil occurred due to the dewatering
process for a nearby building, which led to the withdrawal of fine soil particles and
consequently the occurrence of cavities, and then differential settlement, which led
to its inclination towards the southeast. The main purpose of conducting a Ground
Penetrating Radar survey is to identify areas of weakness in the soil underneath the
foundation of the building. The presence of cavities and weak zones in the soil
underneath the foundation caused a movement of the building structure towards the
southeastern side, which represents the front part of the building. It is indicated that
the soil underneath the foundation down to 5.5 m is relatively loose (i.e., not
compacted), which causes differential settlement and affects, to a large extent, the
building structures.
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1. Introduction

The uses of direct and indirect geophysical methods for obtaining subsurface information
before any construction have been applied by [1] and [2]. The Ground Penetrating Radar
(GPR) method is a high-resolution electromagnetic technique that is applied in many
different geological and geotechnical studies [3, 4]. It is a non-destructive method used to
determine the size, shape and depth of buried objects with good resolution [5]. This method is
commonly applied to solve geotechnical engineering problems [6], such as settlement and
detection of shallow natural subsurface structures, such as water tables, voids, cavities, and
man-made structures, for example, pipes, underground storage tanks and landfill [7, 8, 9]. In
civil engineering, using the GPR method to explore the subsurface heterogeneities, fractures
and voids resulting from dangerous collapses [10, 11]. It is also commonly applied in
archaeological studies [12, 13]. Collecting and analyzing any prior information about the site
can be a helpful tool for operating the GPR method [14]. The electromagnetic energy used in
the GPR method can be a wide range of frequencies from 10 to 100 MHz [15], where the
penetration depth of the EM wave depends on the electrical properties of the soil. Low-
frequency signals have a greater depth of penetration and low resolution, while the higher-
frequency signals give higher resolution and shallower-penetration depth, [16, 17].

Following, the laws of electromagnetism, radar wave velocities change depending on the
physical properties of soil materials [18]. However, the most important physical conditions
that influence the behavior of radar waves in the materials are the dielectric permittivity,
electrical conductivity, and magnetic permeability [19]. The ground that contains magnetic
minerals, such as iron, has a high magnetic permeability and therefore transmits radar energy
poorly [20]. Because earth materials such as soil are usually nonmagnetic, therefore,
permeability is less important than electrical conductivity and relative permittivity concerning
wave propagation [21]. Vertical resolution determines the ability of GPR to identify and
define subsurface features or reflectors, where the vertical resolution increases as frequency
increases, the high frequency of the short wavelength of the electromagnetic wave decreases,
and ultimately, high vertical resolution can be obtained [22]. The ability of electromagnetic
waves to effectively penetrate the ground to a particular depth is primarily dependent upon
two factors: first is the frequency of the waves, and second is the characteristics of the ground
[23], lower frequency antennas (i.e. long wavelengths) provide the deepest penetration, while
high frequency (i.e. short wavelengths) are shallow depth [24].
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In Irag, (GPR) method has been used to investigate the locations of buried archaeological
features in the ancient city west of Karbala in Tulul Al-Ukhaidir [25]. In addition, the seismic
cross-hole method was another geophysical technique that has been used to investigate the
locations of cavities and weak zones underneath the foundation in soil, and evaluate the
treatment of soil by grouting [26]. The 2D and 3D electrical resistivity method has been used
in civil engineering to detect shallow foundations [27, 28]. These geophysical methods are
commonly applied to solve geotechnical engineering problems.

The study aims to detect the weak zones under the foundation of the Ghaidan building,
and then treat the weakness to protect it from failing.

2. Location of Study Area

The study area holds great importance as it is situated in the historically significant region
of Karbala, one of the most religious centers in the entire Islamic world.

Ghaidan building site is located in the province of holy Karbala, Irag, about 100 km south
of Baghdad, in longitude 32° 37" 17" N and latitude 44° 02" 06" E. The study area represents
a building with an area approximately 71 m?, as shown in Fig. 1.

Figure 1: Ghaidan building location in the center of Karbala city.

3. Materials and Methods

The GPR technique is very suitable to explore shallow buried features such as cavities,
cables, graves, and others. As the GPR signal exits the shielded antenna and travels through
the medium, the antenna also receives the reflected signals, indicating that the antenna is
made up of a transmitter and a receiver (Fig. 2). The depth of penetration is determined by
the type of antenna used.

Field work included direct observation for cracks and the buildings movements towards
the southeast. The GPR profiles were selected in the field according to the field observation.
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The investigations were carried out under two antennas used in this study; the first with a
frequency of 250 MHz, which is commonly used for surveys such as voids and cavities, and

the second with a frequency of 500 MHz, which has good resolution at shallow penetration

depth and is manufactured by MALA Sweden company. Fig. 3 [30].
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Figure 2: Schematic diagram of a GPR survey, reflected waves penetrating the subsurface
travel at different velocities based on dielectric permittivity (€) [29].
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Figure. 3: a. The shielded 250 MHz antenna,

3.1 Field Work

b. The shielded 500 MHz antenna, [30].

The fieldwork was carried out on Thursday (17.02.2022) to determine the ground
condition and potential problems within the zones of the building, many problems exist

underneath the raft foundation, which caused a differential settlement, which led to a
movement. There is evidence confirming the occurrence of movement towards the front of
the building and clearly at the southeastern corner of the building, in addition to the presence

shown in Fig. 4.

of a lateral displacement of the building's structures relative to the neighboring building, as

due to the weak soil.

Figure 4: The lateral displacement of the building as a result of the differential settlement
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The GPR investigation was performed in February, during the period 13-17/2/2022 at the
building to depict the subsurface of buried objects. The GPR survey was conducted inside
and outside the building (Fig. 5). Six profiles were chosen covering an area of 11.5 x6.2 m?.
The lengths of the profiles were between 5 and 20.5 m, and the directions of these profiles
were east-west and north-south (Fig. 6).The survey profiles inside and outside the building
were surveyed by two antennas at 500 MHz and 250 MHz.

2. b.
Figure 5: The GPR survey, a. outside the building, b. inside the building.
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Figure 6: The GPR survey profiles within the Ghaidan building site.
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The process and interpretation of GPR records were done through the use of the Ground-
Vision 1.3 program [31], where suitable filters were selected to obtain the best image.
Filtering techniques were applied to remove the effects of the deformation and inaccurate
GPR signals [32]. The filters utilized were time-zero correction, band-pass, and gain control
[33].

4. Results and Discussions

The obtained GPR sections show natural and man-made underground conditions, such as
pipe, collapse, weak zones, and cavities underneath the raft foundation. Depending on field
reconnaissance of the crack above the upper structure of the building, as well as the presence
of relative movement between the sections of the structure along the joint, which is located
around the Ghaidan building and adjacent building, which represents the boundary between
them.

The dewatering by the adjacent neighboring building caused a push of the fine material of
soil and cavities to occur underneath the foundation of the building, which led to differential
settlement and the movement toward the southeastern corner of the building. The weak zones
of the soil start from beneath the foundation to 5.5 m or more.

The GPR surveys by 250 and 500 MHz antennas show the buried objects from the ground
surface to about 5.5 m depth as shown in Figs. 7 through 15.

In general, the GPR sections made it clear that the soil underneath the raft foundation of
the building and around is weak. There are weak zones and heterogeneous burial materials, as
the presence of these conditions assisted in getting a differential settlement in the soil and
thus the movement of the building, which was towards the front, especially in the
southeastern corner of the building.

The sections of GPR profile No. 1, which is located adjacent to the Ghaidan building from
the southern part, as shown in Figs. 7 and 8, Fig. 7 represents the GPR result of the 500 MHz
antenna, while Fig.8 represents the result of the 250 MHz antenna, which penetrates to
greater depths. The results of these geophysical surveys indicated the locations and depth of
the weak zones in the soil underneath the foundation, which had a fundamental role in the
occurrence of differential settlement in the soil and thus the movement of the building
structure and its inclination towards the southeast.

The GPR sections of profile No. 1 showed that the weak zone range extends from a depth
of 1 m to 5.5 m below the foundation of the building. In addition, the foundation is located on
an old building with old striped brick walls and brick foundations that have not been removed
and are saturated due to the rise in the water table towards the surface of the earth at a depth
of approximately 2 meters. Therefore, the process of dewatering the multi-story building
(neighboring building) site adjacent to the building from its southern side, which is
approximately 4 meters helped greatly to withdraw fine soil particles and thus increase the
volume of voids in the soil of the area, including underneath the foundation of the building.

In Fig. 7, there are four pipes located at a depth between 0.5 and 1 m from the ground
surface, two of them for water pipelines and the other for sewage. Below these four pipes,
there is a weak zone that extends to a depth of 2.5 m. It is expected that there will be seepage
of water from the water pipelines. This may also contribute to the weakening of the soil
underneath the foundation.
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Figure 7: The GPR section shows locations of water pipelines and weak zones in profile
No.1 using 500 MHz antenna.
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Figure 8: The GPR section shows locations of water pipelines and collapsed soil in profile
No.1 using 250 MHz antenna.

The sections of GPR profile No. 2, which is located on the front side of the Ghaidan
building from the eastern part, as shown in Figs. 9 and 10, Fig. 9 represents the results of the
survey using the 500 MHz antenna, while Fig. 10 represents the results of the 250 MHz
antenna. The results of the GPR surveys indicate the locations and depths of potential weak
zones in the soil, which resulted in a differential settlement and thus the movement of the
structure of the building, which was inclined toward the southeastern corner. Because the
pipe was located at adepth of 1 m on the south side of profile No. 2, which probably resulted
in seepage due to potential damages.

The GPR sections of profile No. 2 showed that the weak zone range extends from a depth
of 1 m to 5.5 m. Moreover, the sections showed a manhole and two pipes located on the north
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side of the building. The water table was located at 2 m depth, and the saturated zone was
located at 2 m depth, because of the spread of weakness in the soil below 1 m to the end of
the survey depth, which led to the structure's collapse.
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Figure 9: The GPR section shows the locations of the water table, water pipelines, weak
zone, and the width of the house in profile No.2 using a 500 MHz antenna.
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Figure 10: The GPR section shows the locations of the water table, water pipelines, weak
zone, and the width of the house in profile No.2 using a 250 MHz antenna.

The sections of the GPR survey for profile No. 3, which is located adjacent to the Ghaidan
building from the northern part, as shown in Figs. 11 and 12, Fig. 11 represents the results of
the survey using the 500 MHz antenna, while Fig. 12 represents the GPR survey with the 250

MHz antenna.
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The GPR sections of profile No. 3 showed that the weak zone range extends from a depth
of 1 to 5.5 m below the surface of the earth. In addition, it showed the old brick wall located
at a depth of 3 m and a collapsed area. The abovementioned profiles 1, 2, and 3 investigate
the soil outside the Ghaidan building.
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Figure 11: The GPR section shows the locations of water pipelines and collapses in profile
No. 3 with 500 MHz antenna.
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Figure 12: The GPR section shows the locations of water pipelines and collapses in profile
No. 3 with 250 MHz antenna.

The GPR profiles 4, 5, and 6 are located inside the building; the length of these profiles

was shorter than the outside profiles. Their lengths were between 4.5 and 8 m. These three
profiles were surveyed using the 500 MHz and 250 MHz frequency antennas as well.
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The sections of GPR profiles 4, 5, and 6 are represented in Fig. 13, 14, and 15. The results
of the GPR surveys indicated the determination of the locations of the weak zones in the soil
underneath the raft foundation to the end of the depth of the test. The sections showed the
thickness of the raft foundation, which extended from the surface of the earth to
approximately 1 m depth, and the soil underneath the raft foundation was weak and
collapsed.
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Figure 13: The GPR section shows the locations of the raft foundation and weak zone in
profile 4 with a. antenna 250 MHz, and b. antenna 500 MHz.
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Figure 14: The GPR section shows the locations of the raft foundation and weak zone in
profile 5 with a. 250 MHz antenna, and b. 500 MHz antenna.
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Figure 15: The GPR section shows the locations of raft foundation and weak zone in profile
6 with a. 250 MHz antenna, and b. 500 MHz antenna.

5. Conclusions

The GPR sections of profiles inside and outside of the Ghaidan building explain the lateral
and vertical extensions of the weak zones in the soil under the foundations from 1 to 5.5 m.
The sections also determine the water pipeline and sewage lines underneath the building,
especially in south-eastern directions, and show weak soil and collapse under those pipelines,
which indicate potential damages to the pipelines water seepage. For all of these reasons, a
differential settlement was occurring in the soil under the foundations. To stop the settlement
and improve the engineering properties of soil, it is necessary to treat the weakness of soil,
especially surrounding the building and under the foundations, by filling it with suitable
material, such as cement, according to an appropriate injection procedure. The GPR method
proved to be a suitable geophysical method for determining the locations and depths of weak
zones underneath the foundations of the structure.
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