IAEG2006 Paper number 456

Mapping of risk areas of the municipal district of Vicosa, Minas
Gerais, Brazil

MARIA LUCIA CALIJURII,NOTHAVIO AFONSO MARCHIi, ANDRE OLIVEIRA
GUIMARAES’, WILSON GANDINI LUGAO’

' Engineering, Federal University of Vigosa, Vicosa, Minas Gerais, Brazil (e-mail: calijuri@ufv.br)
’ Engineering, Federal University of Vigosa, Vigosa, Minas Gerais, Brazil (e-mail: othavio@ufv.br)
* Engineering, Federal University of Vigcosa, Vigosa, Minas Gerais, Brazil (e-mail: andre.og@gmail.br)
! Engineering, Federal University of Vigosa, Vigosa, Minas Gerais, Brazil (e-mail: wilsongandini@yahoo.br)

Abstract: Unplanned development on mountain-sides is one of the main problems faced by most Brazilian
cities, and the city of Vicosa-MG, is no different. The municipal district has an irregular topography and is
undergoing accelerated urbanization. This paper describes mapping of risky areas using geo-processing, as well
as geotechnical characterization to inform the responsible authorities monitoring development of these areas.
For the proposed mapping, geotechnical map builder software was developed to present the results in a clear,
precise and accurate way, to show the information about the physical site being studied.

Résumé: Le métier désordonné sur des montagnes est un des problémes principaux considérés par la plupart de
villes brésiliennes. La ville de Vigosa-MG, n'est pas trouvée dans la situation différente. La zone municipale a
une topographie irréguli¢re et traverse un processus accéléré d'urbanisation. Ce travail a le but de tracer des
secteurs risqués en utilisant le geo-traitement, aussi bien que la caractérisation géotechnique pour fournir la
subvention aux organes responsables dans la surveillance de ces secteurs. Pour tracer, un logiciel géotechnique
de constructeur de carte a été développé, afin de présenter les résultats d'une maniére claire, précise et précise,
montrant la majeure partie d'informations sur l'emplacement physique qui est étudié. Mots clés: Systéme
d'information géographique, métier urbain
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INTRODUCTION

Urban development brings several problems, and rapid urban growth, mostly unplanned, creates and emphasizes
inadequate infra-structure and land usage problems. To address one aspect of this problem, it is necessary to make a
detailed survey of the variables that govern the erosion of natural mountain sides and their stability. This will allow
potential hazards to be identified, indicate where development restrictions might apply and enable legal limitations to
be established. It will also show where intervention should take place to prevent or remediate slope instability,
employing appropriate structural or non-structural measures.

The importance of information regarding the physical environmental has been discussed for some years. One issue
is the methodology to best represent variations of parameters in 3-D space. So, geotechnical mapping was developed,
showing the most superficial soil and information on its geotechnical behavior, with associated physical
environmental information such as: slopes, relief, soil classification, lithology, ability to use the soil, erosion and
geological risks.

Besides assisting urban planning, this can be used to help preserve the environment, implement civil engineering
works and in the general urban development. Therefore, geotechnical mapping represents anthropogenic influences on
the physical environment graphically, viewing the mitigation of problems in the course of future activity and their
prevention.

Advances in geographical information systems (GIS) associated with improved geo-processing techniques allow a
geo-referenced database to be manipulated, providing an efficient tool for digital geotechnical decision-making. This
paper presents software designed to improve digital geotechnical decision-making, so the results are presented in a
clear, succinct and precise way, with as much information as possible.

AREA CHARACTERIZATION

The municipal district of Vigosa is located in the forest zone in Minas Gerais, Brazil, and has an approximate
population of 70,000 inhabitants. The municipal district urban area is located at the co-ordinates 20°45°14” of latitude
S and 42°52°54” of longitude W; it has an area of 299 km? and an average altitude of 649 m (above sea level). This
area has a highland tropical climate with fresh rainy summers. The average precipitation is 1300 mm/year with
maximum amounts from October to March. The topography of the urban area is formed by many hills with narrow
valleys.
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From the 1970s onwards, the town started unplanned and accelerated urbanization process with no planning for
land use. Once the bottoms of the valleys were developed, mountainsides were occupied. Most of the sites developed
during the decade of the 1970s were on areas with slopes greater than 30%.

According to Veira (1999), this process resulted in development dependent on the performance of steep cuts and
fills placed without compaction on intervening low lying ground, all executed without technical follow-up. Today the
unsafe situation of the population, and especially the poorest members, is for those that are forced to occupy the
highest and steepest parts of the mountainside.

Urban growth has increased environmental degradation, with continual attacks against a good climatization, correct
drainage, green areas, water-courses, and original topography. Figure 1 shows a slope in the Sao Sebastido district in
Vigosa. It was selected as a central region in the municipal district, practically on a mountainside and with occupation,
and no systematic geotechnical testing was performed to determine soil strength parameters.
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Figure 1. Study area

METHODOLOGY

The field work comprised preliminary data collection and recording to provide input to the data bank. Each test site
was geo-referenced in UTM coordinates with a Global Positioning System (GPS), and the geometrical parameters
(length, width and height) defined from a plainaltimetric topographic survey. The slope dip and direction, and
inclination were measured with a geotechnical compass. Then, soil samples were collected and the slope site was
photographed with a digital camera. Using the GPS coordinates, the test sites were located on a regional geo-
referenced photograph.

Collected soil samples were submitted to geotechnical testing at the Vigosa Federal University, Soil Mechanics
Laboratory. Tests were carried out to technical standards established by ABNT to determine parameters governing cut
slope and natural mountainside stability.

Using elevation contours at 1 m spacing, obtained from the Sewer and Water Autonomous System (SAAE), a
digital topographical model was generated, making slopeness letter generation and shadow analytical model creation
possible. For these spatial data treatments, the software ArcGIS 8.2, ESRI was used.

The specific weight (), the cohesion (c) and friction angle (¢) were determined in the laboratory, and together with
the slope geometry, they allowed the analysis of its stability. The slope factor of safety coefficient was obtained
following the Bishop, Fellenius and Morgenstern-Price methods, using software SLOPE/W version 4.21, 1998, from
GEO-SLOPE International Ltda. Though it is easy to use and produces good results, the SLOPE/W platform does not
allow new functions to be added, and this was considered to be a disadvantage when only this software is used for the
stability analysis. For 3-dimensional analysis of a slope in more critical conditions, a digital model was created, using
software 3DStudio Max ® R3, Kinetix. This model allows the slope to be visualized from several different angles.

The Geographic Information System laboratory (LabSIGEO) of the Civil Engineering Department at Vigosa
Federal University has developed Geocamp software. This allows the factors that determine stability of cut slopes and
natural mountainsides to be visualized. The software combines information such as coordinated locations and
photographs of each test site, with outputs generated from the ArcGIS 8.2, 3dStudio Max ® R3 and Slope/W
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programs. Each mapped point maybe interrogated by users: for example the urban environment point location, its
slope class, sketch layout, geotechnical characteristics, photographs and 3-dimensional views of the slope.
The software tools in which the data for visualization on the Geocamp were processed are described below.

Data treatment on the Arc GIS 8.2

Data treatment on the ArcGIS firstly has comprised regional contouring for the topographical digital model — MDE
generation with the topogrid interpolator of the Arc-Info module. Then on the Arc-Map, and using the topographical
digital model, the analytical shadow model (hillshade) was generated, with an inclination angle of 45° and azimuth of
315°. This model was the base for the point visualization mapping together with the study area photograph. The image
presented on Figure 2 shows the occupation of the mountainsides in the city of Vigosa.

Figure 2. Mapping region aerial photograph showing occupation of mountainsides.

From the MDE, a slope map was generated showing percentage slope. The studied region was divided into slope
classes up to 30% slope. This slope value is critical with regard to urban development, as specialized design subject to
regulatory approval is then required. Finally, the locations of areas with slopes that provide a hazard to the population
were identified.

Modeling with 3dStudio mase R3.

3-dimensional models of slopes found in more critical situations in the field were developed. This modeling was
carried out using the software 3d Studio Mase R3, kinetics, which consists of a tool that is able to model any object
from geometric data relevant to it, as well as generating animation.

At the modeling phase, a basic object with dimensions similar to those of the slope was firstly structured. Based on
the slope characteristics and photographs, refinement of the of the basic object was made, so that it started to gradually
the real slope characteristics. To visualise the slope from any view point it is possible to vary the camera position. It
should be recognized that the modeling process should be coherent, so that the information obtained from model
analysis is identical to analysis in the field.

Proper modeling is critical, not only modeling of the form of slope, but also so it can be used in software that
performs 3-dimensional analysis, to obtain information regarding rupture wedges, weakness planes, and safety factors.
It is possible continuously to update and improve the animation based on the model, for slope condition visualization,
just as if there were a person walking around it, enabling visual inspection that previously could only be made in the
field.

Analysis with slope/W version 4.21

Despite not allowing the addition of new functions, for example by altering the programming language to adjust for
specific situations, slope W version 4.21 runs on MS Windows, and performs stability analyses using parameters that
may be easily measured in the laboratory, such as the material specific weight, the friction angle and cohesion, and in
the field, such as the measured mountainside geometry.
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Slope stability analysis made using Slope/W comprises two steps: -

1. The module Slope/W DEFINE is used to draw the slope geometry based on the data obtained from the
area plainaltimetric survey. For this an adequate scale should be selected for the sketch section drawn.
Slope height and angle are relevant parameters in the analysis and for this reason they must be determined
with precision.

2. Then the soil properties that were determined in the laboratory are input, again using the module DEFINE
of Slope/W.

The analysis determines centre and radius of potential sliding surfaces, and from these data, the program
determines the factor of safety; different analysis methods might be employed, for example, Bishop and Fellenius,
among others are available.

A useful aspect of Slope/W is the module CONTOUR version 4.21, which indicates where the slip circle with
lowest factor of safety occurs.

GEOCAMP

The object of creating and implementing GeoCamp was the development of software that integrated all the spatial
consultation potential of a SIG tool with the functions of a flexible and guided geological and geotechnical study
record system. The system is user-friendly, allows intensive use of geo-referenced digital graphic information and
great flexibility in term of structures and data formats, as well as in the level of detail definition of the graphic
information.

Used development tools

GeoCamp was developed through Delphi® (Borland) together with two auxiliary modules MapObjects® from
Environmental Systems Research Instutute (ESRI), for the spatial consultation and map presentation, and OPUS®, for
descriptive data bank management implemented by means of Access® (Microsoft Corporation). The link between the
graphic and the descriptive data bank was made with the Spatial Query of the MapObjects®. Once the points were
ordered and sequentially digitized, the produced attribute link consisted of the co-relation between the point identifier
and the data bank identifier.

Tool use process

To be able to consult the data bank and facilitate spatial visualization, a graphic interface was developed on
MapObjects containing the following information — plans, analytical shadow model, hydrography, Plain Projection
System net (UTM), and observation points in the field. Graphic scale and zoom were included to facilitate
consultation and visualization.

From the opening screen, the user has the following interface with the system: the user chooses the point of interest
and the program returns the address and date when the characterization was done. Then, the user can consult the
constant descriptive data in two windows, point (1) data, and point (2) data; consult the geological structures found in
the point or area (foliation, fractures and imperfections, etc); visualize the layout, point or area photographs and 3-
dimensional model as shown in Figure 3.



IAEG2006 Paper number 456

E:]Enntrule de Pontos de Taludes [ ﬂ
Q9 et pa

716000 I » 724000 [7261

Troso0n
ntiole de Pontos de Taludes -
il 5 cadastro de Fichas 3
ados dos Pantos (1) I Drados dos Pontos [2) I
Paorta : 47 Data: |1 1021998
TT06000
Fua: [vinista neimero: | 0 Bairra: [Fato Antorio
[~ Processos Evidéncias
¥ Escorregamento ¥ Trincas no Solo ¥ Sulcos Erosivas
[¥ Erosdo [ Trincas na Construgéo [~ Outros (ver ohservagies)
[T Assoreamerto ™ Descalgamento das Fundagdes
I~ Solapamento I~ Queda de Blocos
TT04000 [ Condicionantss
40 10/02/1 998 ¥ cortes ¥ Inclinagéo do Talude [~ Contengdes deficientes
| | 41 oo2ness | Jacobl | 7 Erosdo [ Aterro [¥ Drenagem Insuficiente § Inexistente
4z 10/021935 = 2
— 1 [¥ Desmatamento [ Lixo f Entulho [~ Fundagies hari
43 11021988 i -
B o v Altura do Talude [V Construgiies mal Localizadas [~ Outras (ver ohservagfies)
45 | 11021898 = =
b u 15 i 11024 .998 1 ALTURA, (m) EXTENSAQ (m) | INCLINAGAD (graus) DIST. CASA (m) |
Troazon| |X| 47 11021985 MONTARTE 100.0 ~ 75
TT02000 | 45 19031985 JUSENTE I

92 010411935
53 /041998  Sv. Castelo Branco (em frente ao Pombal] o Lll |

L ——
| 49 19/031999 _:F |
|| a0 19/03/1938

a1 31031938 3 x Cancelat |

Figure 3. Consultation to the data of a point

Descriptive information related to the geological process, field evidence, main geological condition, previous
damage and geological hazard are presented in the data bank. Figure 4 presents a screen of the system recording
consultations to the data bank of geotechnical cards. The insertion of graphic elements, like sketches and digital
photographs, was included to incorporate functionalities of analysis to the tool.
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Figure 4. Geological structure data bank consultation with cross section visualization.
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CASE STUDY

The developed tool was applied to the study of erosive process and instability of slopes present in Vigosa urban
area to show how it might be adapted to any other region. Thus, several types of evidence relevant to local urban
problems were observed, as follows:

Cuts in slopes with high slope angle;

Houses built directly close to cuts and with no protection;
Inappropriate occupation at stream and river margins;
Inadequately installed infra-structure in new lots.

Mapping of a district with critical conditions was performed with a view to research alternative land occupation
and usage, and the effect of proposed fiscal control measures. Figure 5 show a consultation to the photograph file of
one of the critical points.
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Figure 5. Geological structure data bank consultation with photograph file visualization

The software also allows the 3-dimensional structure to be consulted (Figure 6), enabling its visual analysis and the
result of the studied slope stability analysis (Figure 7).
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Figure 7. Slope stability computer analysis with Slope/W

CONCLUSIONS

The district of Sdo Sebastido has unplanned residential development and is mostly located on slopes steeper than
30%, suggesting it is a high-risk region for housing. Software was developed and implemented based on a
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methodology that employed spatial data, with mapping of geotechnical characteristics at critical points. Data was
integrated to produce a high performance system with great flexibility and technical viability for use in spatial risk
assessment.

The geotechnical data incorporated in the software improves the consistency of the analysis, because slope angle
and point spatial distribution on their own do not provide sufficient information to assess the risk to the population.

The final product presents the main content, with quantitative geotechnical information, and allows predictions for
direct use in the specify study and different project phases, as well as presenting a spatial variability represented by a
group of information associated to a functional hierarchy and, therefore, to a step sequence. In this way, the tool
considers the cost and space usage optimization and prevention aspects for urban and territorial planning purposes,
and so, can be relevant to a many different types of land occupation and usage.

When it is considered that many houses are located on steep slopes with unfavorable geotechnical characteristics,
population removal is recommended to minimize the consequences of possible failure of these mountainsides.

Corresponding author: Dr Maria Lucia Calijuri, Universidade Federal de Vigosa, Vicosa, Minas Gerais, 36750-000, Brazil. Tel:
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