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Abstract : A Ground Penetrating Radar (GPR) applications in the earth science has been reviewed. The fundamentals of the GPR technique
and potentialities of the GPR applications in the field of geotechnical engineering are explained in this review paper . Penetration depth and
vertical resolution depend on the soil conditions, characteristics of input signal and configuration of the transmitter—receiver assembly.
GPR has shown to be a viable approach due to the facts that it has proven to use in wide-range of applications in the field of geo-engineering
such as detection of soil and rock profiling, water-table detection and bedrock identification, identifying structural features in subsurface,
and bars checking in reinforcement and beam columns. Depending upon targeted object central frequency of antenna have to be selected
appropriately so as to get better resolutions of reflection profile which is to be studied in detail Different GPR central frequencies antennas
results are reviewed in this paper such as 250 MHz, 300MHz, 500 MHz and 1 to 6 GHz. The results show that the 250 MHz GPR had
a low resolution and higher depth penetration, while the high frequency 1 to 6 GHz GPR antennas has a shallow detecting depth with high
resolution. In estimating geological structural features such as cracks, fractures and joints, etc., are very important to assess the potential
detection of natural hazards. GPR has been viable technique in mapping structural features (Fig.14) and also it has got extended capabilities
of mapping extension and continuity of these structural features. GPR has also confirmed that the electromagnetic waves are most strongly
reflected by cracks containing air or water or clay content. Internal structures of cement structure layers are viable to identify with better
resolutions as shown in Fig.17 and Fig.19. Fig.17 shows a reflection radar profile of concrete slab with 10 mm re-bars at different depth
levels and also contrast against thickness of concrete slab can be observed. From this figure it clearly demonstrates the ability of such
high-frequency radar antennas to map re-bars with sub-centimeters accuracy. In order to satisfy requirements for detection of subsurface
objects and better resolution repeated survey would be performed on the selective/anomalous site, so as to remove false phenomena
resulted from bumping of GPR antenna or interference from ground objects.
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INTRODUCTION

Geophysical methods are proved to be powerful tools in the
study of the Earth. In the last two decades, ground penetrating
radar (GPR) is one among geophysical methods that has been
employed increasingly in many scientific and engineering
disciplines for a variety of applications. By exploiting the wave
propagation characteristics of electromagnetic fields, GPR
provides a very high resolution sub-surface mapping information
to a depth of typically 0 to 10 m, although depths up to 40 m
(Franke &Yelf, 2003; Jol, 2003; Bakker, 2004) are possible in some
geological environments. GPR in its present form started to emerge
from the polar ice radio echo sounding in the late 1960s. Since
that time, the method has seen constant and continuous growth
both in applications, number of users and instrument
sophistication. The first use of GPR signals to determine the
presence of remote terrestrial metal objects is generally attributed
to Hulsmeyer (1904), but the first description of their use to locate
buried objects only appeared six years later in a German patent
by Leim bachand Lowy (1910). Early utilization of this method for
engineering applications were given by Morey (1974), Annan
and Davis (1976), and Ulriksen (1982). Ground Penetrating Radar

(GPR) was designed primarily to locate objects or interfaces buried
beneath the earth’s surface (Daniels et al., 1988). The pulsed
radar has been developed and being used commercially
extensively for the past two decades in many applications e.g. in
determination of the ice thickness (Walford,1985; Evans
etal.,1988), in permafrost measurements (Annan and Davis, 1976),
in civil engineering (Morey, 1974), in overburden characterization
(DavisandAnnan,1989), in peat surveys (Ulriksen, 1982), in salt
deposit measurements (Thierbach, 1974; Unterberger, 1978) and
in coal-seam probing (Coon et al., 1981; Ralston, 2000).
Furthermore the range of applications have been expanding
steadily, and now includes archaeology, road and rail bed quality
assessment, location of voids, tunnels and land mines etc. location
of underground tunnels and voids (Olhoeft, 1988; Moran and
Greenield, 1993). Applications of this technique include
delineation of ore bodies (Fullagar et al., 2000); mapping fractures
in bedrock (Olsson et al., 1992; Day-Lewis et al., 2003); and
estimation of subsurface lithology and hydrogeologic properties
using Geld- or laboratory-derived petro physical relationships
(Alumbaugh and Chang, 2002; Moysey and Knight, 2004;
Tronicke et al., 2004). The recent advances of the use of GPR for
the investigation of sediments can be found in Bristow and
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Jol (2003) and Bristow (2004). Recently, several studies have
proven GPR to be instrumental in analyzing near surface earth
structures (Yetton and Nobes, 1998; Veeken et al., 1999; Gross
etal., 1999 and 2000; Salvi et al., 2003; Al-Shukri et al., 2006).

In this paper, principle of GPR and its applications to
geo-engineering has been examined such as subsurface profiling,
water-table detection and bedrock identification, identifying
structural features in subsurface, and bars checking in
reinforcement and beam columns. New instrumentation has
significantly improved the ability to rapidly collect deep and high
resolution GPR data in a variety of environments, thereby
expanding the capabilities of the GPR.

GPR PRINCIPLE

Ground penetrating radar produces a continuous cross-
sectional profile or record of subsurface features, without drilling,
probing, or digging. GPR operates by transmitting pulses of ultra
high frequency electro-magnetic (EM) waves down into the
ground through a transmission antenna. When the transmitted
signal enters the ground, it contacts objects or subsurface strata
with different electrical conductivities and dielectric constants.
A certain amount of energy is reflected and picked-up by a
receiving antenna, the remaining energy continue to pass into
the ground to be further reflected, until it finally spreads and
dissipates with depth as shown in Fig. 1. The control unit registers
the reflections against two-way travel time in nanoseconds and
then amplifies the signals. The output signal voltage peaks are
plotted on the GPR profile as different colour bands by the digital
control unit.

Ground penetrating radar waves can reach depths up to
100 feet (30 meters) in low conductivity materials such as dry
sand or granite. The depth range of GPR is limited by the electrical
conductivity of the ground, the transmitted center frequency
and the radiated power. As conductivity increases, the

..

Transmitter

Fig.1. Schematic diagram of a ground-penetrating radar system.

penetration depth decreases. This is because the electromagnetic
energy is more quickly dissipated into heat, causing a loss in
signal strength at depth. Higher frequencies do not penetrate as
far as lower frequencies, but give better resolution.

Dielectric constant ‘€’ is a number that relates the ability of a
material to carry alternating current to that of vacuum. The
relationship between dielectric constant ‘€’ and the EM wave
velocity ‘v’ can be expressed as (Ulbay, 2007).

c

v f Eq.1

Where: ‘¢’ is the velocity of the EM waves in vacuum.

The reflection coefficient of the EM waves is defined as
(Ulbay, 2007).
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i \/;,_1'*'\/:, Eq.2

Where R, is the reflection coefficient of the EM waves
propagating from medium i-1° to medium ‘i’, and &_ and ¢, are the
dielectric constants of media i-1 and i, respectively. If the absolute
value of R is greater than zero, meaning there is a dielectric
property difference between the two media, reflection will then
occur on the boundary. The dielectric constant ‘€’ not only
determines the EM wave velocity ‘v’ of a certain medium, but
also governs the reflection characteristics of the boundary.
Therefore, the dielectric constants of all detecting materials are
needed for a proper analysis of the GPR data.

ANTENNA VARIABLES

One of the most important variables in GPR surveys is the
selection of antennas with the correct operating frequency for
the depth necessary and the resolution of the features of interest
(Huggenberger et al., 1994; Smith and Jol, 1995). Commercial GPR
antennas used in most archaeological applications range from 10
to 1500 MHz frequency (Annan and Cosway, 1994; Fenner, 1992;
Malagodi et al., 1996; Olson and Doolittle, 1985; Jol and Bristow,
2003). General purpose GPR systems use dipole antennas that
typically have a two-octave band width, meaning that the
frequencies vary between one half and two times the central
frequency.

Most important, just because a manufacturer identifies an
antenna as having one frequency, doesn’t necessarily mean that
it will produce radar energy with a center at exactly that frequency.
A primary goal of all antenna manufacturers is to produce a clean
pulse of one wavelength in duration that can be transmitted into
the ground. No antennas, however, produce perfectly clean
pulses, and somewhat noisy reflection records generated from
noisy transmitted pulses are always the norm.

Proper antenna centre frequency selection, in most cases,
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makes the difference between success and failure ofa GPR survey,
and must be planned for in advance. Lower-frequency antennas
are for the most part much larger, heavier, and more difficult to
transport within the field than high-frequency antennas. Larger,
lower-frequency antennas are more difficult to shield and therefore
have the potential to receive many extraneous reflections from
surface objects, and they can thus be quite “noisy”. However,
smaller, higher-frequency antennas are usually shielded, which
allows energy propagation downward into the ground, but not
upward or to the sides where it could be reflected off surface
features, the antenna cables, or even the people pulling the
antennas (Lanz et al., 1994).

Table 1. Radar pulse width and depth resolutions for various
central frequencies and Relative Permittivities (g ).

Central Pulse- Depth resolution in cm
frequency width ¢ =4 sandy dryseil ¢ =15 (sandy wet soil)
(MHz)  (ns)

100 64 75 380
500 2 15 7.7
1000 1 715 39
1500 0.75 5 26
2000 0.5 375 19
3000 0.33 25 13
As discussed above, the choice of the central TX

frequency and bandwidth of the GPR is an
important issue, and it depends primarily on the
type of application in the field. For each application
a different set of frequency antenna constraints
can be developed. The parameters influencing
the frequency range are : depth of maximum
penetration depth, size of the object, wanted-depth
resolution and properties of the study area.

In conclusion, for good depth resolution, a

RADAR DATA ACQUISITION MODES

GPR data acquisition can either be used in reflections or
transmission modes. In reflection mode of surveys there are few
different techniques and is normally conducted using two
antennae (called the bi-static mode), with a separate transmitter
(T and receiver (R ) as shown in Fig.2(a). Transmission survey
mode can be used to obtain more detailed sub-surface
tomography profile between the two bore holes as shown in
Fig.2(b). There are four main modes of radar data acquisition in
reflection and transmission techniques, namely: Common offset
(Reflection profiling), Wide-angle reflection and refraction
(WARR), Common midpoint sounding (CMP), and Cross-hole
radar tomography or Trans-illumination.

Common Offset Profiling

A profile is a graph of a measured quantity against horizontal
distance. In this mode of operation, the radar transmitter (T ) and
receiver (R ) antennae are moved over the surface simultaneously.
The measured travel times to radar reflectors are displayed on
the vertical axis, while the distance the antenna has travelled is
displayed along the horizontal axis in a radar gram display. Most
GPR surveys, mainly borehole radar surveys use a common offset
survey mode. Fig.3 shows a common offset bi-static mode data
acquisition configuration.

Rx

short pulses are needed, which means larger
bandwidth. With refer to the above Table 1; we
saw that the depth of penetration strongly
decreases with higher frequencies for a given soil.
The electrical properties of the soil together with

Fig.2. GPR reflection and transmission.

Increasing Offset Increasing Offset

the wanted maximum depth penetration imply an | = |

upper limit for the used frequencies. Once
frequencies above 1 GHz are used, depth
penetration decreases dramatically. So if large
penetration depth is needed, lower frequencies d
are preferred.

As a general rule, it is desirable that the
wavelength of the central frequency in the ground

Reflected Wave

of the GPR is ten times larger than the size of the
heterogeneities in the ground.

V2

Fig.3. Common offset bi-static mode data acquisition configuration.
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Wide-Angle Reflection and Refraction (WARR)

In a common source data acquisition system, sometimes called wide-angle
reflection and refraction (WARR) sounding (Reynolds, 2000), the transmitter
(T,) is kept at a fixed location and the receiver (R ) is lowed away at increasing
offsets. Fig.4 shows the antennae conlguration of a common source data
acquisition mode. This type of data acquisition mode is most suitable in an
area where the material properties are uniform and the reflectors are planar in

nature.
Increasing Offset
—
| Tx | Rx I I Rx | Rx I Rx I

Reflected Wave

Vi

V2
Fig.4. Wide-angle reflection and refraction (WARR) measurement configuration.

Common Midpoint Sounding (CMP)

In this type of acquisition mode, the transmitter (T ) and receiver (R)
antennae are moved away at increasing. offsets so that the midpoint between
them stays at a fixed location. In this case, the point of reflection on each sub-
surface reflector is used at each offset, and thus a real consistency at depth is
not a requirement. Fig.5 shows the antennae eonfiguration of the common
midpoint data acquisition mode.

Increasing Offset Increasing Offset

Reflected Wave

Vi

Common Mid Point Va
Fig.5. Common midpoint (CMP) measurement configuration.

Cross-Hole Radar Tomography or Trans-Illumination

In the transmission mode of deployment, the transmitter (T, ) and receiver
(R antennae are on opposite sides of the medium being investigated. This
type antenna of configuration, as shown in Fig.6, is often used in underground
mines and Dams. As the relative positions of the radar antennae are known at
all times, and hence the distances between them, the mean radio wave velocity
can be derived from the time section. More details of this method can be found

in Annan and Davis (1977).

Borehole 1

Rx

[ 1

| I

Fig.6. Transmitter and receiver antenna are kept
indifferent borehole.

APPLICATIONS OF GPR IN GEOTECHNICAL
ENGINEERING

In this study, wide-range of papers have been
reviewed in regard to applications of GPR in the
field of geo-engineering. It is found that GPR
provides a powerful method of subsurface profiling
with high resolution of reflection profile. Thereby
use of GPR has been extend in widespread areas
such as in Pavement, Construction, Utilities
detection, Hydrology, Mining, Archaeological,
Forensic science, Unexploded Ordnance,
Environmental Studies, and Miscellaneous
applications like in agriculture, demining (find
landmines), graves and burials. Detectable
objects can range in size from around 10 mm to
underground cavern proportions.

Identification of the Water-Table Reflector

The strength of the water-table radar reflector
depends on the contrast between the electrical
properties of the unsaturated and saturated zones.
In coarse-grained sands the capillary fringe is
usually abrupt, especially during dry period,
because the pore spaces are large and many are
essentiallynon capillary. The water table reflector
is more pronounced in these deposits and the
position on the graphic record is relatively easy to
locate. In the fine-grained materials, the capillary
fringe is more gradual because of the presence of
smaller, more continuous pore space, and the water-
table is less distinct on the graphic record. Also,
where reflective stratigraphic features are close to
the water-table, the water-table reflection is less
abrupt, or masked by overlapping reflections.

GPR measurements were presented using a
physical model that simulates a rising and falling
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water -table in the earth. The GPR data were collected with antenna
having central frequency of 500 MHz. Consistent data acquisition
instrument setting on the GPR system was used throughout the
experiment in order to reduce and facilitate data processing steps.
This investigation was done to determine the depth of water-
table in site location. Fig.7 shows the site location where GPR
was been carried and drilled four boreholes in the each corner of
the site for cross checking with GPR profiling. Fig.8 shows the
clear distinguishable reflections from the subsurface to water
table. The dielectric constant of the water-table was then
determined indirectly based on the electromagnetic wave velocity
calculated as shown below in Fig.8 by measuring travel time of

the EM waves at water table interface (Mundher et al., 2011).

one layer to another shows contrast of electromagnetic waves
caused due to changes in dielectric and electrical permittivity
constants as highlighted in Fig.10. The data are in a form that is
amenable to a wide variety of digital enhancement processing
techniques.

Identification of Buried Utilities

Where the locations and depths of distinct underground
objects must be determined, GPR is the technique of choice when
the host medium permits adequate penetration. At many
industrial, commercial, and residential complexes, map layouts
showing the distribution of underground utility lines (water, sewer,

storm drains, electric, telephone, cable TV, etc.)

Bh2

BhS

o are often non-existent or inaccurate.
BhI Underground utility lines must be located prior
to repair or removal. In case, any lack of

) . : ;
=i accuracy in the built drawing layouts/plans

in regard of buried utility lines may leads to
rupture/damage of water main lined or selected
electric conduits with consequent structural
O damage or injury to personnel during drilling
"™ 1 or coring operations.

In the GPR data processing, it shows a
strong reflection against the pipeline around

Water-table

at 0.6 m depth from the test results
(Olhoett, 2000) as shown in Fig.11. The same
observation was also supported by the single
trace analysis of the results. In the trace
analysis, it has been found that there was
strong reflection of targeted object at 0.6 m
depth which causes to delay in reaching
reflected wave back to the receiver.

ty = 49.552 ns

Grouting Evaluation in Shield Tunnel

2d, 2(2.65m)

= ™ = 29552 ns = 10.695 cm/ns

e Borehole (1)

0
\[‘_r _e 30cm/n

v 10.695 cm/n =2.9050

Construction

The dielectric constants of the grout and
the soil were determined by the indirect
method based on measuring the EM wave

€, = 7.8683

Fig.8. GPR profile image across the borehole #1.

Identification of Soil Stratigraphy and Bedrock Depth

The surface topography was surveyed and the data have
been corrected for the topographic variations along the survey
line (Grandjean et al., 2000). A view of correlation between borehole
information and the migrated section as shown in Fig.9 indicated
that most of the reflections are related to electromagnetic waves
contrasts due to lithology.

The reflection coefficient as soil/rock layers changes from

travel time through the grout segments was
used instead as calculated in above Fig.8.
Since the segments were manufactured with a
constant thickness of 0.35 m, the EM wave
velocity and consequently the dielectric
constant can be determined if the EM wave travel time through
the segment was known. In order to accurately compute the travel
time from the GPR data, a composite system with a metal plate
stuck on the outer surface of the lining segments was constructed
50 as to cause absorption and strong reflection of the EM waves.
When the EM waves propagate from one material with a high
dielectric constant to another with a low dielectric constant, the
reflection coefficient will be positive, according to Eq. (2) given
under GPR principle, and no phase reversal will occur. Conversely,
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Frequency of 1 GHz GPR was used to

A P B S

Fig.10. A radar reflection profile showing the stratigraphy.
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Fig.11. Raw radar data acquired towed across a 90-cm dia pipe buried
37 cm deep.

when the EM waves travel from one material with a low dielectric
constant to another with a high dielectric constant, then the
reflection coefficient will be negative and phase reversal can be
observed.

determine the EM wave velocity in the concrete
segment. The GPR detection was carried out
along the inner surface of a grout lining
segment to detect reflected waves (Fig.12). Two
different cases can be tested for better
understanding the change of reflections in the
EM waves. In case 1, metal plate was placed in
the outer surface of the lining segment over the
whole test area. In case 2, the metal plate can be
placed on the inner surface of the lining segment. Case
1 GPR data was processed by MATLAB with proper
gain. Strong reflection due to the existence of the metal
plate outer surface of the lining segment can be clearly
identified (Fengshou et al., 2010) from the test results
shown in Figs.12.

Grout detection using the 250 MHz GPR is presented
here; one month after the grout had been injected. The
processed data of 10 m long is shown in Fig.13. It can be
seen from Fig.13 that no obvious reflection occurred on
the left side of the domain, while on the right side strong
reflection suggested an even layer of the grout
(Fengshou et al., 2010). The detection results were
consistent with the construction journal which recorded
leakage of the grout in the tail of the tunnel boring
machine when excavating at the length of 0—5 m.

Identification of Cracks in the Rock

One of the main causes of base rock collapse is called
progressive destruction or progressive cracking. Cracks in the
base rock progress as a result of weathering of the rock and lead
to base rock collapse. It is very important to know the continuity
and distribution of cracks inside the base rock as well as the
extent of surface cracking to estimate the danger of collapse.

The GPR technique utilizes electromagnetic (EM) waves to
provide useful resolution and non-destructive measurements of
dielectric contrasts in geological materials and formations. When
a crack contains clay or water, it becomes a strong reflector of
EM waves because of the sharp contrast in velocity between the
crack and the surrounding rock (Ulriksen, 1982).

In regard to the part above, 300 MHz shield antenna was
utilized to satisfy requirements for detection depth and resolution.
In the process of detection, if there appears any anomaly in GPR
images for the sloping clay core, then repeated detection would
be performed on the anomalous site, so as to remove false
phenomena resulted from bumping of GPR antenna or
interference from ground objects.

In response to the GPR survey, three sampled sites showing
linear anomaly (A, B and C in Fig.14), with one area showing
strong reflection (D in Fig.14). Cracks were discovered at the
three sites showing the linear anomaly, while a fracture zone was
discovered in the area showing strong reflection, indicating that
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Fig.12. GPR setup with metal plate outside the segment and reflected waves.
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Fig.13. Data of 250 MHz GPR field test.
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Fig.14. GPR images showing cracks and a fracture zone in sloping clay core.
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the linear anomaly and strong reflection were resulted respectively
from the cracks and fracture zone (Xingxin et al., 2010).

At the excavation sites, the authors found that cracks were
closed due to soil expansion as affected by very high humidity at
the fracture zone and one crack spot, while at the remaining two
crack spots, cracks can be vividly seen inside the sloping clay
core (Fig.15).

Fig.15. Photos showing excavation of cracks inside a sloping clay core
for corroboration.

Therefore, it can be inferred that GPR technique is capable of
detecting rock structural features such as cracks, fractures, Faults
and Folds etc.

Identification of Subsidence and Cavity

A study of the GPR traverse shown in Fig.16 was recorded as
an example (across US Highway 6 near the Eureka, Juab County,
Utah). Two areas of apparent subsidence in the upper strata can
be seen in Fig.16. Any surface expressions of this slumping were
most likely filled in many years ago when the highway was

S Surface Location (meters)
0 2.8 5.6

40

resurfaced. Some nearby cracking and warping in the highway
may be clues that some subsurface movement is still occurring.
Almost directly below each area of subsidence is a hyperbolic
diffraction pattern that is characteristic of reflections from localized
objects or cavities in the sub-surface (Benson, 1995). The
hyperbolae in Fig.16 most likely originate from man- made cavities,
such as a mine shaft or a tunnel, but could also arise from
sinkholes carved out in the limestone.

Identification of Re-Bars

GPR can be used successfully as a mapping and non-
destructive testing tool for checking of building materials,
reinforcement and void space in concrete slabs. Concrete changes
its electrical properties as it hardens. Wet concrete has relatively
high conductivity and consequently the radar attenuation is high
and the detection range is low. In dry concrete however, the
range is improved and the high frequency GPR can then be used
as a mapping tool for internal structure.

Internal structure may be layers or objects such as cavities,
re-bars and pipes. Fig.17 shows a high frequency (1-6 GHz) radar
section of a concrete slab with 10mm re-bars at different depths,
2cm, 4 cm, 6 cm, 8 cmand 10 cm (Kong et al., 1999). Below figure
clearly demonstrates the ability of such high-frequency radars to
map re-bars with sub-centimetres accuracy.

ickness of

Fig.17. High frequency (6 GHz) radar detecting re-bars in concrete.
Case Studies in NGF Campus

Few case studies of GPR survey
carried with in NGF campus :

80

120

Time (ns)

pparent Subsidence

aa...,w,‘. s 1
IGOM—--‘—.—-——

M

Detection of re-bars in Concrete Slab

An antenna of 1.5 GHz central
frequency with frequency range of 800
to 3000 MHz was used for detection
ofre-bars in the concrete slab (Fig.18).

AL R R

When antenna moved along re-bars
direction in the slab, it is found that
continuous reflection of waves

.. oy N "'|" v .
P l“" . . ~

Fig.16. GPR Profile (across US Highway 6, near Eureka, Juab County, Utah) reflections of subsidence

and cavities.

observed against the re-bar as
highlighted in Fig.19 gray scale plot.
However, other part of reflection
profile shows a contrast of EM waves
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Fig.18. Survey set up of concrete slabs.

at three distinct points as marked in Fig.19 gray scale plot since
antenna moved perpendicular to re-bars in the slab (Fig.18). The
same observations can be made in colour plot.

Detection of Masonry Brick Wall & Concrete Layer Thickness

In the given Fig.20 on next page shows a reflection profile
against thickness of the masonry wall. As stated in the GPR
methodology, dielectric constant is the main factor to distinguish
any object or stratigraphy layers in reflection profiles. Therefore,
higher reflection coefficient results in clear understanding of
targeted object. In below GPR reflection profile it is observed
that there is a clear band of dark like which represents the thickness
of masonry brick wall. Since the change in dielectric constant
value between wall and air is quite enough to have better contrast.
Antenna of 1.5 GHz central frequency was used with 2 *10 m
cable and the measured masonry brick wall thickness from GPR
reflection profile is 18 to 20 cm as observed in Fig.20. However
another survey carried out on tiled ground crossing canal across
the survey line using same antenna. Fig.21 shows strong
reflections from trace no 35 to 50 due to an existence of canal
across the survey line and also can be seen thickness of concrete
layer below the tiled ground.

PRACTICAL PROBLEMS IN FIELD TESTS
a. Power and Amplifier

Network analyzer switches off internal amplifier, when input
power is too big.

Trace Numbers

0o 5 10 15 2 25 30

Don’t make antennas too close to each other when amplifier
is on.

b. Cable Length and Position

The transmitter and receiver cable length should be bigger
than twice of the detection distance. Moreover, while carrying
out survey cables should never cross each other.

Cable radiates power. It is important to lay down the cable, at
least 3 to 5 m from antennas, on the ground and let ground to
absorb the current flowing outside of the cable.

c. Antenna Positions

Antenna separation should be smaller than the smallest
detection distance. In-line antennas have smaller direct wave,
but the width of the wave is wider. Parallel antennas have larger
direct wave, but the width of the wave is narrower. Antenna
conductor should be in the same direction to a metal target
(re-bars etc.)

CONCLUSIONS

With the objective of studying the applicability of GPR in the
field of Geotechnical Engineering, we conducted GPR literature
review study, as a result, the following few interpretations and
conclusions are drawn :

a. The performance of GPR as a high-resolution subsurface
mapping tool has been confirmed by looking at the above
examples. Higher the antenna frequency, better the
resolutions and less the depth of penetration. In case of
detecting re-bars and identifying thickness of concrete
layer, high frequency antennas are used and able to trace
re-bars locations ant its depth, and thickness of concrete
layer.

b. In non-conductive and homogeneous ground conditions,
GPR performs very well and detailed pictures of the

.00~

Fig.19. GPR reflection profile against concrete slab.
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Fig.20. GPR reflection profiles against the concrete wall.
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Fig.21. GPR reflection profiles over the tiles.

subsurface profiles can be reconstructed. In more
conductive materials this method is generally not
recommended because of very low resolution.

It is also concluded that when identifying subsurface
strata, layers of subsurface will change as go deeper; as
well dielectric constant will vary from one layer to other.
When EM wave transmits from one layer to other layer
which is having different dielectric constant, there will be
a delay in two-way travel time. Therefore reflections
against the new interface can be identified in the profiles.
With known object/target details in the subsurface, one
can actually calibrate two way travel time of reflected wave
and it’s dielectric constant using an indirect method
(refer Fig.8).

d.

GPR can be used to detect the distribution and continuity
of geological structural features with detail investigation
of cracks, fractures, faults, folds and dykes within base
rock at various rock slope sites. Also an assessment of
potential detection of rock collapse problems and rock
fall hazards would be very interested to apply this
technique.

Ground penetrating radar is well suited for shallow

(<30 m) exploration of earthen materials. Compared with
other geophysical tools, GPR provides high resolution of
subsurface features. However, results remain highly site
specific and interpreter dependent.

The GPR method, which in favourable conditions is
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today’s most superior shallow subsurface mapping tool,
will continue to develop fast, resulting in cheaper
equipment, faster data acquisition rates and improved data
quality

In summary, in appropriate geology, GPR surveys can provide
useful cost-effective data which can help assess potentially
dangerous geological hazards. Planning and remedial measures
based upon these data can then be implemented.
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