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Abstract

In this work we present the preliminary results in
geophysics research using seismic refraction, resistivity
and ground penetration radar, executed between the
pathways of Eixo Rodoviario (DF-002) and Eixo
Rodoviario W in the northern part of Brasilia, where will
be realized the future construction of the north stretch of
the metro. The object of this study is to generate a
geophysical/geotechnical model to provide a geological
structure and mark areas with structural weakness. The
geophysical results allowed identify three distinct
geotechnical layers: Soil (depth < 3 meters), saprolite 1
(depth < 10 meters) and saprolite 2. In the resistivity
results we show a conductive vertical anomaly, which we
believe to be a weakness zone, however, is possible that
this anomaly could be related with the presence of the
gas station near the area.

Introduction

The importance of geophysical studies in geotechnical
problems is the fact that their results can be used for
guidance on what procedures may be adopted to
minimize: time, cost, and even the occurrence of
accidents at work. The main advantage of using
geophysical methods for any type of application, is that
these are indirect methods, in other words, provide
information in subsurface geological structure, without the
use of boreholes.

In engineering projects, the financial cost for the
geotechnical surveys represents the highest part of the
budget, which turns attractive the use of the geophysical
techniques. There are several studies using geophysical
methods in engineering problems, as in the detection of
ancient foundations (e.g. BOUDREAULT et al., 2010) and
planning on building a new neighborhood (e.g. KHALIL;
HANAFY, 2008).

The geophysical methods commonly used in geotechnical
studies are: seismic refraction (e.g. PRADO, 2000),
resistivity (e.g. BRAGA, 1997; LOKE, 2004) and ground
penetrating radar (e.g. DAVIS, ANNAN, 1988; PORSANI,
1999; GRANDJEAN et al., 2000).

This work used geophysical methods in a stretch of the
Asa Norte of the Plano Piloto, Brasilia (Figure 1), with the
objective to generate a geological model for the region
based on physical measures, which may be used as
additional information for the planning of the subway, and
also with the objective of verifying the effectiveness of
such methods in urban areas.
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Figure 1. Location of geophysical investigations conducted
between the blocks SQN 108 and 109, in the future northern
section of the Metro, Brasilia.

Methodology

The expansion of the subway in the Asa Norte will be
between the Eixo Rodoviério Norte (DF-002, known as
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"Eixd0"), and Eixo Rodoviario W Norte (known as
"Eixinho W "). The data where acquired between these
two pathways (Figure 1). The surveys where acquired on
Sundays due to the fact that Eix&o is closed by the city
administration to the population, which brought down the
level of seismic noise caused by cars traveling there, and
also for security of procurement staff.

In this work were used three geophysical methods:

seismic refraction, resistivity and ground penetration radar
(GPR).

Seismic Refraction

The seismic refraction method is based on the
propagation of mechanical waves generated by artificial
sources, such as hammer, seismic rifle, among others.
These waves are detected by receivers (geophones) fixed
on the ground. This method allows determining an
average mean speed of seismic wave’s propagation of
the medium; it is possible to distinguish layers with
different elastic characteristics, and providing an estimate
of the depth of the interfaces that separate these layers.

To implement the refraction method in this paper were
carried out three profiles in sequence, each where 115
meters long, totaling 345 meters (Figure 1). We used 40
Hz geophones with 24 channels, spaced five meters
between each one. The positions of the sources for each
line were -25, -5, 57.5, 120 and 140 meters considering
the first of each geophone as position zero. A
sledgehammer, with eight kilograms, was used as source,
hammered 30 times against a steel plate at each point in
order to increase the signal/noise ratio by summing the
signal generated by each impact of the sledgehammer
with the ground. The equipment used for data acquisition
was a Geometrics Geode brand. For the data processing
program was used SEISIMAGER 2D (OYO Corporation).

Resistivity

This method is based on the fact that the environment
presents a resistance to the passage of electrical current.
They are normally used by four electrodes (two current
and two potential) for the measurements of current flow
and the electric potential generated by it. Knowing the
position of the electrodes on the surface, and obtaining
the readings of current and potential, it is possible to
measure the electrical resistivity of the medium.

For this work we used the multi-electrode resistivity
SYSCAL PRO 72 (manufactured by Iris Instruments) with
60 electrodes. The electrode arrangement selected was
dipole-dipole; it showed better sensitivity to the bedrock
(Loke, 2004). We also used the procedure of roll-on 120
meters, leaving the profile with a total length of 415
meters (Figure 1). The spacing between the electrodes
was 5 meters and the acquisition protocol enabled the
imaging of 30 levels deep (40 meters). The data were
processed and modeled with the software RES2DINV
(Geotomo Software).

Ground Penetrating Radar (GPR)

The Ground Penetrating Radar (GPR) transmits and
receives electromagnetics pulses to generate images of
the subsurface. The images are generated by measuring
the travel time of reflected waves at the interfaces
between the medium. The frequency of electromagnetic
waves in the GPR equipment ranges from 10 to 2500
MHz. The lower the frequency, the greater the depth of
penetration, and the higher the frequency, the more
detailed the image (higher resolution), but with a
shallower depth.

The data acquisition in this work was used a GPR SIR
3000 (manufactured by Geophysical Survey System, Inc)
connected to a shielded antenna of 200 MHz. The
spacing between the traces was 2.5 cm, and a time
window of 250 ns. The GPR profile has a total length of
415 meters (Figure 1). The data were processed using
the software ReflexW 5.5 (SANDMEIER, 2010), and the
conversion speed of the electromagnetic wave was 0.09
m/ns (obtained after adjustment of hyperbolic points
diffractor found in the section of GPR).

Results

Seismic Refraction

The results showed high levels of seismic noise due to
car traffic in Eixinho W, besides the presence of
pedestrians and by the small movement of trees due to
wind, generating low frequency noise. These noises
made it difficult to determine the first arrival of seismic
waves to the farthest geophones located from the source,
generating a lot of ambiguity in the marking phase.

In the seismic profile resulting (Figure 2) identified two
layers. The first presents an average speed of 359 m/s,
interpreted as the speed of the soil. Its depth varies
between 2 and 15 meters. The second layer has an
average speed of 1190 m/s, interpreted as saprolite 1
(mantle of alteration) low iron (C1), with depth ranging
from 2 to 25 meters. The composition of the soil and
saprolite 1 should be linked to packages of purple slates
that occur in Paranoa Group (BLANCO, 1995).

Resistivity

The resistivity 2D section (Figure 3) represents a medium
with heterogeneous characteristics. The thin layer on the
surface of the profile was interpreted as the soil, with high
resistivity (greater than 1000 Qm) and with depths
between 1 and 3 meters. Just below, there is another
geoelectrical layer with an average resistivity of 350 Qm
and with an average thickness of 9 meters, which is
interpreted as saprolite 1. The third layer is more resistive
(above 1000 mQ) and is interpreted as the saprolite 2.

At positions 160 to 190 meters we observed a conductive
vertical zone, which at first was interpreted as a fracture
zone, due to its depth. New profiles were acquired in
other areas along the Eixinho W and the conductivity
anomalies were also detected nearby gas stations. Due to
these new results we believe that this anomaly isn’t
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related to a facture zone. In each gas station exists daily
activities of car wash, which were close to the profiles.
For this reason we could attribute this anomaly as to
water percolation into the soil. However, this anomaly
may also be related to the metallic gas tank of each gas
station, but in this case exists a depth inconsistency,
because the tank is buried in a swallow depth (around 10
meters), and the observed anomaly appears until 35
meters depth.

Ground Penetrating Radar (GPR):

The GPR results (Figure 4) allowed only imaging the
surface layers (up to 7 meters) due to high electrical
conductivity of saprolite layer 1. However, as expected,
the GPR allowed the identification of surface interference
(underground pipes).

(a)

1070 t +
08 A

1060
_ 1055 -
€ 1050
< 1045
2 1040
g 1035
21030
“ 1025

1020

1015

1005

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
Distance (m)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

Distance (m)
I soi

Bl saprolite 1

Figure 2. (a) Velocities model of P-wave obtained with the method of seismic refraction. (b) Geotechnical model prepared from the results of

seismic refraction.

Conclusion and Discussion

The results of seismic refraction showed the difference
between the soil and the saprolite 1. However note the
need to acquire new seismic data with a source more
powerful in order to increase the signal/noise ratio and
reduce ambiguities during the marking of the first arrivals
of the third layer observed with the other methods. As the
main difficulty in interpreting the data is related to the high
noise level.

The resistivity results allowed to define the main
geoelectrical layers occurred in the profile. The top layer
has a high electrical resistivity, which may be a
consequence of the low water content in the pores, since
the acquisition was made in the dry season. The second
geoelectrical layer presents a low resistivity, and must be
related to the saprolite 1. Alves (2009) described this

layer as a clayey package, which explains the electrical
behavior mentioned above.

The third geoelectric layer must be related to the saprolite
2, which corresponds to a more compacted material
package due to the chemical weathering of the slates of
the Paranoa Group. The conductive anomaly that occurs
in the resistivity section has been interpreted as a zone of
water percolating of the soil. We believe that this anomaly
is due to the presence of car wash at each gas station
located next to our profiles.

The GPR results showed less efficient for this study,
since the objective depth is 40 meters. The
electromagnetic signal has been attenuated due to the
high conductivity of saprolite 1, but was efficient to identify
the interference surface. And it could be applied to
location of existing underground pipe.
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Figure 3. (a) Electrical model obtained after the modeling of 2D resistivity data. (b) Geotechnical model prepared from the results of 2D
resistivity, showing the layers of soil, saprolite 1 and 2 and a possible percolation of the water into the soil.
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Figure 4. (a) GPR section showing the main reflectors up to 7 meters deep. (b) Geotechnical model prepared from the results of GPR,
showing the layer of soil surface and a gallery of rainwater.

Twelfth International Congress of the Brazilian Geophysical Society



SEIMETZ, EX; ROCHA, MP; BORGES, WR; CAVALCANTI, MM; NOGUEIRA, PV; AZEVEDO, PA 5

Acknowledgments

The authors thanks Prof. José Eduardo Pereira Soares
and José Eloi Guimardes Campos (IG / UnB) for valuable
discussions during the interpretation of results. Professor
Luciano Soares da Cunha (IG / UnB) for all the support.
Professor Newton Moreira de Souza (FT / UnB) and
doctoral student Carlos Petronio Leite da Silva (FT / UnB)
for the geotechnical survey data. Pollyanna Araujo de
Alencar by revising the text. For their support during field
work, we thank the doctoral student Luis Anselmo da
Silva, graduate students; Umberto José Travaglia Filho
and Julio Henrichs de Azevedo, the technician Pericles
de Brito Macedo, the undergraduate students of the
course of Geophysics; Aline Isabel de Padua, Isabela
Resende Almeida and Karine do Santos Taveira, also the
class General Geophysics (02/2010) of the
undergraduate program in Geology and Environmental
Geophysics group (02/2010) Graduate Course in Applied
Geosciences. We thank the Laboratory of Applied
Geophysics (LGA/UnB) for the availability of geophysical
equipment.

References

Alves, P. C., 2009. Cartografia Geotécnica para Obras
Subterréneas: Condi¢cBes de Construgcbes de Garagens
Subterr@neas e Metrd6 no Plano Piloto de Brasilia.
Dissertacdo de Mestrado, Publicacdo G.DM 178/09,
Departamento de Engenharia Civii e Ambiental,
Universidade de Brasilia, Brasilia, DF, 168 p.

Blanco, S. B., 1995. Aspectos de Geologia de Engenharia
da Escavagcdo do Metr6 de Brasilia: Trecho Asa Sul.
Dissertacdo de Mestrado, publicagdo n°® G.DM 019/95.
Departamento de Engenharia Civii e Ambiental,
Universidade de Brasilia, Brasilia, DF, 95 p.

Braga, A. C. de O., 1997. Métodos Geolétricos aplicados
na caracterizagdo geoldgica e geotécnica — Formacdes
Rio Claro e Corumbatai, no municipio de Rio Claro — SP,
Rio Claro, SP. Tese de Doutorado, Instituto de
Geociéncias e Ciéncias Exatas, UNESP, Campus de Rio
Claro - SP, 169p.

Boudreault, J.-P. , Dubé, J.-S., Chouteau, M., Winiarski,
T., Hardy, E., 2010. Geophysical characterization of

contaminated urban fills. Engineering Geology, n.116
p.196—206.

Davis, J. L.; Annan, A. P., 1988. Applications of ground
penetrating radar to mining, groundwater and
geotechnical projects: Selected case histories. In:
Workshop on Ground Probing Radar, Ontario: Geological
Survey of Canada, paper 90-4, p.49-55.

Grandjean, G.; Gourry, J. C.; Bitri, A., 2000. Evaluation of
GPR techniques for civil-engineering applications: study
on a test site. Journal of Applied Geophysics, Elsevier,
45: 141-156.

Khalil, M. H., Hanafy, S. M., 2008. Engineering
applications of seismic refraction method: A field example

at Wadi Wardan, Northeast Gulf of Suez, Sinai, Egypt.
Journal of Applied Geophysics, 65 (2008) p.132-141.

Loke, M. H., 2004. A practical guide to 2-D and 3-D
surveys. Electrical imaging surveys for environmental and
engineering studies. 136p. Disponivel em:
http://www.geoelectrical.com/coursenotes.zip, acessado
em 20/05/2005.

Porsani, J.L., 1999. Ground Penetrating Radar (GPR):
Proposta metodolégica de emprego em estudos
geoldgico-geotécnicos nas regides de Rio Claro e
Descalvado — SP. Tese de Doutorado, Instituto de
Geociéncias e Ciéncias Exatas, UNESP, Campus de Rio
Claro - SP, 145p.

Prado, R.L., 2000. A sismica de reflexdo e o radar de
penetracédo no solo na investigagdo geoldgico-geotécnica
em ambientes urbanos: Um estudo na cidade de Sao
Paulo — SP, Brasil. Tese de Doutorado, Instituto de
Geociéncias e Ciéncias Exatas, UNESP, Campus de Rio
Claro - SP, 174p.

Sandmeier , K.J., 2010. ReflexW Version 5.5.1. Windows
9x/NT/2000/XP-program for the processing of seismic,
acoustic or electromagnetic reflection, refraction and
transmission data. Karlsruhe, Germany. 481p.

Twelfth International Congress of the Brazilian Geophysical Society


http://www.scopus.com/authid/detail.url?authorId=36192610900
http://www.scopus.com/authid/detail.url?authorId=7102592261
http://www.scopus.com/authid/detail.url?authorId=7003584222
http://www.scopus.com/authid/detail.url?authorId=6701798897
http://www.scopus.com/authid/detail.url?authorId=6701798897
http://www.scopus.com/authid/detail.url?authorId=36192862200

