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Abstract

Ground Penetrating Radar (GPR) is one of the non-invasive techniques
commonly used to identify “anomalies” in the ground. It has been proven
very effective in different fields ranging from the location of pipes and other
underground services to the identification of archaeological sites. After the
1994 Kwun Lung Lau accident in Hong Kong, the Government has been
commissioning the feasibility of different geophysics techniques to identify
any issues related to engineering slopes and retaining walls. Among the dif-
ferent techniques tested during phase I, Electrical Imaging (EI) and Ground
Penetrating Radar (GPR) were the most applicable in the study of old ma-
sonry walls. This paper aims to stress the importance of using the appropriate
frequencies during the GPR survey of engineering slopes. In order to do that,
two independent contractors who used different frequencies to carry out the
GPR survey on the same area will be compared.
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1. Introduction

Ground Penetrating Radar, or GPR, is a non-invasive technology used to study
subsurface stratigraphy. It employs electromagnetic waves with frequencies be-
tween 10 MHz and 4 GHz to detect changes in electrical properties [1].

The electromagnetic waves are essentially the same as the radio waves that a
car radio antenna receives from a broadcasting radio station. The reflection of
the waves is due to the different dielectric properties of the material under the
surface. The dielectric difference of an object within the ground produces a re-

flected wave. Using the reflections, a cross sectional reflection profile is created.
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A. Indelicato

Since its first use, GPR has gained popularity as a shallow subsurface geo-
physical imaging tool due to its ease of use, portable recording and high-resolu-
tion section [2]. It has been successfully applied to very diverse tasks ranging
from the geological mapping of structures to the identification of defects in con-
crete [3].

The use of this technique in the survey of old retaining walls was first consid-
ered in 1994 after the collapse of the old retaining wall in Kwun Lung Lau on
Hong Kong Island. During this event, 1000 m’ of debris ended up in the path-
way, killing 5 people and injuring 3 others. For this reason, the Hong Kong
Government was adamant in evaluating the potential of a geophysical survey to
define the thickness of the retaining wall.

Retaining structures (Figure 1) in Hong Kong have been classified mainly
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Figure 1. Types of retaining walls used in Hong Kong [5].
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into two groups: Pre-war and post-war [4].

Post-war structures, which are mainly cantilever, counterfort and gravity
structures, are generally designed and built in accordance with engineering prin-
ciples [5]. However, pre-war walls are largely gravity structures of masonry or
mass concrete construction. The condition and the geometry of these walls re-
quire new investigations to test their stability and integrity [5].

When, in 1995, the Geotechnical Engineering Office (GEO) invited six con-
tracting firms to take part in a site characterisation study to determine the possi-
ble uses of geophysical techniques for the assessment of subsurface stability in-
dicator [4], GPR was one of the non-invasive methodologies considered to de-
termine possible slope instabilities. Geophysical techniques are more effective
when studying old masonry walls than slopes because walls have a more clearly
defined structure [5].

This paper focuses on the GPR survey carried out by two of those subcon-
tractors on a specific site using different frequencies (200 MHz and 35 MHz for
Fugro and 500 MHz and 100 MHz for Golder). The results of the surveys will be
compared to determine how the choice of the right frequencies might affect the

interpretation of the data.

2. Location

The location chosen for this paper is the masonry wall near the Police Quarters
on Hollywood Road. This area was built in 1951 and originally served as the first
dormitory for Chinese rank and file police officers (Site F, Figure 2).

Site F consisted of a mortared random rubble masonry retaining wall on the
southeast to northwest end. A staircase at the southeast end connected a con-
crete covered platform at the top of the wall to a play area at the bottom [6]. This
area was investigated using four horizontal drill holes (Figure 3(a)) and two trial
pits located on the western part of the terrace above the retaining wall (Figure

3(b)). GPR and Resistivity Imaging survey were carried out in October 1996.

3. Methodology

The centre frequencies of commercial GPR antennas typically range from 25
MHz to 4 GHz [3]. Generally there is a direct relationship between the transmit-
ter frequency and the resolution that can be obtained. At the same time, there is
an inverse relationship between frequencies and penetration depth. For civil en-
gineering purposes, most of the GPR frequencies range between 1.5 GHz and
400 MHz, for which the penetration is between 0.3 and 2 m.

While metallic targets are very good reflectors and PVC pipes generally pro-
duce much weaker signals, the presence of moisture and clay can also limit the
signal penetration. Other external factors that might affect the performance are
site topography and vegetation, as well as weather conditions [3].

The presence of kaolinite clays, which are most commonly derived from
weathered granites, gives reasonable results during the survey, whereas mont-

morillonite clays derived from weathered basalts have much higher signal at-
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Figure 2. Site F (©Slope Information System 2016).

tenuation rates [3].
The ground resolution also depends upon a series of other factors such as:
e Amplitude and wave length of the transmitted pulse;
e The electrical properties and electromagnetic propagation characteristics of
the host material;
¢ The complexity of the geology;
e Noise;
¢ Depth shape and size of the target;
e Electrical impendance of the target [7].
Attenuation of the GPR signal can be caused by conductivity losses and di-

electric or magnetic absorption. Conductivity losses are the most common
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Figure 3. (a) Front elevation of the wall at Hollywood Road Police Quarters. (b) Plan of the wall and platform at Hollywood

Road Police Quarters [5].

within geological materials [8].

The Geotechnical Engineering Office (GEO) determined that on Site F, the
location of two traverse lines (TF-01 and 02) was to be surveyed using GPR.
Other than that, the contractor could decide on the frequency to be used, as well
as whether or not to survey the other traverses.

For their survey, Fugro used both 35 MHz and 200 MHz frequencies for all
the traverses (TFO1 to 08). Golder, on the other hand, used two different fre-
quencies for the GPR survey at Site F: a 500 MHz antenna on TF1 to TF6 and a
lower frequency (100 MHz) one on TF02 [5].

4. Results

The GPR surveys carried out by the contractors produced very different results.
Fugro’s high frequency (200 MHz) accurately identified features near the surface
(Figure 4). Granite and volcanic boulders were easily recognised, as well as sub-

vertical features interpreted as drainage pipes.
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Figure 4. Results with 200 MHz antenna (©Fugro Report 1997).

Horizontal boreholes were drilled on the Site F wall and the cores showed the
heterogeneity of the fill material, which contained large boulders also visible
through the GPR survey. The trench pits excavated also confirmed the nature of
the fill deposit, containing bricks, fragments of concrete slabs and metal objects
easily picked up by the 200 MHz antenna. However, it is important to note that
the thickness of the retaining wall was not so clearly marked.

The survey carried out by the same contractor at 35 MHz aimed, instead, to
identify deeper features that would be out of the reach of higher frequencies. The
results show the disappearance of the shallow features and the presence of a few
parallel to sub-parallel linear features located between 2.5 to 10 m away from the
surface (Figure 5). Initially they were interpreted as the interface between the fill
deposit and the completely decomposed granite (CDG). However, none of the
boreholes or the trench pits confirmed this interpretation.

The results obtained by the GPR survey highlight that the antenna at 200 MHz
works very well to define superficial features present in the slope. It does not,
however, define the true thickness of the masonry wall. In cases such as the col-
lapse of the retaining wall in Kwun Lung Lau, the earlier identification of the
type and size of masonry may have prevented such an event.

Golder obtained better results at the same location using two frequencies: 100
and 500 MHz [5]. The 500 MHz frequency allowed the radargram to identify the
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Figure 5. Results with 35 MHz antenna (©Fugro Report 1997).

thickness of the masonry wall. Other important features were also picked up
with this frequency, features such as a granite-lined sewer system and loose cob-
ble and boulder fill with concrete, brick fragments and voids in the trench dug
for the new sewer [5].

The 100 MHz frequency identified few coherent reflectors at a depth of 2 - 3
meters into the wall. The radar energy appears to be severely attenuated by the
material present in this area. The correlation with electrical imaging indicates
the presence of conductive material such as clay. The result from the 35 Mhz

survey shares some similarities in identifying such linear features.

5. Conclusions

This geophysical technique has potential in the assessment of the stability of the
pre-war retaining walls but it is important to choose the correct frequency. The
choice must be related to the aim of the survey itself. A 500 MHz antenna pro-
vides better results than a 200 MHz one if we want to identify the thickness of a
retaining wall and the presence of any shallow features present within the fill.
For deeper surveys, the 35 MHz and 100 MHz antennas seem inadequate to
identify major features. However, these frequencies have spotted a few common
reflectors that can be interpreted as air void or accumulation of clay rather than

a clear interface between fill and CDG.
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Figure 6. Comparison between pre-migration and after migration signal on Golder’s
survey [5].

Other factors have probably played an important role in identifying the main
features behind the retaining wall and improving the quality of the results.
Golder, for example, repeated the traverses more than once and made adjust-
ments to the gain levels, ranges, sampling intervals and filter readings [4]. We
should also consider the importance of migration, which aside from allowing us

to correctly interpret the GPR data from structurally complex areas and deter-

R
03"
"t:o

Scientific Research Publishing

303



A. Indelicato

mine the geometry and correct location of reflectors (or scatters) in the subsur-
face (Figure 6), it also provides quantitative information on the reflectivity coef-
ficients at those surfaces or interfaces [8]. In the survey carried out by Golder,
the migration process was used to successfully collapse the diffraction from an
unknown piece of material such as a steel bar buried in the trench behind the
wall [5].

The frequency in surveying engineering slopes has a significant impact on
Ground Penetrating Radar results. Nonetheless, other elements should be taken
into account so as to have better quality results, with less room for misinterpre-

tation.
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