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Abstract. An extensive campaign of field and laboratory tests were performed on samples of residual soils and colluviums
present in the morphoscultural sub-unit comprising Serra do Mar Paranaense located in Southern Brazil. The geotechnical
investigations included the physical characterization, in situ hydraulic conductivity and the mechanical behavior of the
soils, by means of conventional direct shear tests, smooth interface direct shear tests, and CIU triaxial tests. The results
showed that both the superficial colluvium and residual soils found along this stretch have similar granulometry, generally
classified as silty sand soils, with in situ hydraulic conductivity of around 10-4 cm/s. Grain size curves show less dispersion
in the case of residual soils compared with colluvial soils. The residual and colluvial soils had average peak and residual
friction angles of 32° and 26°, respectively, with variations and differences attributed to the complex variety of the
lithotype present in the region. Regarding cohesive intercept, a greater disparity was found in the results; however, these
results corresponded to the literature. These results are relevant because they provide a framework to evaluate the stability
of road slopes, together with other pertinent information, such as slope declivities and layers, water table, suction
parameters and rain scenarios, both in specific cases within or close to the region, and in areas of similar geological
material.
Keywords: colluvial soils, residual soils, Serra do Mar, shear strength, smooth interface, soil strength parameters.

1. Introduction

Serra do Mar is a mountain range encompassing ap-
proximately 1,500 km of the East/South coast of Brazil, go-
ing from the state of Rio de Janeiro to the North of the state
of Santa Catarina (Cerri et al., 2018; Vieira et al., 2018).
The range is classified into three large geomorphological
compartments: Plains Compartment, Mangrove Compart-
ment and Mountain Ranges and Hills Compartment, char-
acterized by a diversity of lithological types, including
granites, schists, gneisses and migmatites (Massad, 2010).

According to Listo & Vieira (2015) and Vieira et al.
(2018), the Mountain Ranges and Hills compartment of the
Serra do Mar is one of the main geomorphologic compart-
ments frequently affected by mass movements of the shal-
low landslide type. Among the events that have occurred
over time, the following have been significant: Caragua-
tatuba in 1967, Cubatão in 1985, Ilhota, Gaspar and Luís
Alves (state of Santa Catarina) in 2008, Angra dos Reis in
2010 and in the mountain regions of Rio de Janeiro and
Paraná in 2011. Listo & Vieira (2015) state that Serra do
Mar is one of the most important reliefs of Brazil, both in
geomorphologic terms when described as a function of its

genesis and evolution, and by its strategic importance, in
connecting the largest import and export harbors of the
South and Southeast regions, as the port of Santos, the busi-
est in South America (Vieira et al., 2018). As such, it has a
dense network of communication and important service
routes supporting economic development, for example:
roads, railways, water pipelines, gas pipelines, transmis-
sion lines, urban installations and energy industries (Cerri
et al., 2018). Thus, a varied research has been and is being
performed in this region, from which several questions
have arisen, for example, if the results from the models will
be more efficient with the use of geotechnical values col-
lected in situ (Listo & Vieira, 2015).

The occurrence of different soil types throughout the
study area and the need to obtain a better understanding of
the geological-geotechnical behavior of the region, reflect
the importance of the experimental study of the predomi-
nant materials. Based in this context and in the absence of
geotechnical information about those materials, this paper
presents the geological-geotechnical characterization of a
stretch of Serra do Mar, based on results obtained from
samples from the superficial colluvial and residual soils of
migmatite and granite found in the region. Characterization
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tests for determination of physical parameters of soils is the
primary and fundamental stage for several analyses, such as
determining the prediction of both mechanical and hydrau-
lic behavior in engineering, mining and environmental pro-
cesses, as well as susceptibility analyses for the determina-
tion of areas at risk of mass movements.

Some studies have described the geological and geo-
technical characteristics of the soils found along the Serra
do Mar in order to obtain parameters as internal friction an-
gle, cohesive intercept, granulometric distribution, hydrau-
lic conductivity and structural features (Mendes et al.,
2006; Furlan et al., 2011; Mendes et al., 2015; Sestrem et
al., 2015; Advincula, 2016; González et al., 2017; Gonzá-
lez, 2017; Cerri et al., 2018; Vieira et al., 2018; Trevizolli,
2018) looking to increase the knowledge about the region.

Other studies and researches focused on contributing
to the understanding of the surface and subsurface dynam-
ics of water at the Serra do Mar (Mendes et al., 2006;
Soares et al., 2012; Mendes et al., 2015; Oliveira et al.,
2016; Trevizolli, 2018, Picanço et al., 2019).

The sub superficial layer of the natural slopes from
Serra do Mar is unsaturated. After the dry season, infiltra-
tion capacity is high and rainfall events can cause signifi-
cant effects on the distribution of soil matric suction (Bi-
calho et al., 2015). During the rainy season, the infiltration
of rainfall into the ground develops positive pore pressures
by raising the water table and reducing suction levels. Con-
sequently, the soil shear strength decreases, caused by the
increase of natural moisture content and unit weight in an
global stability analysis for shallow slides, like thin layer
sliding (Ortigão & Sayão, 2004), being one of the causes
that explain the occurrence of slope instability at Serra do
Mar (Victorino, 2015; Sestrem et al., 2015; González et al.,
2017).

The series of tests presented in this paper is part of a
research with the main objective of compiling geotechnical
data, in order to allow a later evaluation of the stability of
road slopes along the stretch of BR-376/PR in the Serra do
Mar Paranaense, through the identification of the common
type of mass movement and the elaboration of susceptibil-
ity and safety factor (FS) maps.

2. Geological Background

Lithotypes present in the area of interest include char-
acteristic rocks of the Atlantic Orogenic Belt (Gneiss-Mig-
matitic Complex), areas of colluvium and talus deposits
(MINEROPAR, 2005). Among the lithotypes of the
Gneiss-Migmatitic Complex, defined by Siga Jr. et al.
(1995) as the Atuba Complex, are associations of stromatic
migmatite with biotite-hornblende-gneiss paleosome,
mica-quartz-schist, ultrabasite, metabasite and amphibo-
lite; ophthalmic migmatites with biotite-gneiss paleosome,
biotite-hornblende-gneiss and hornblende-gneiss with lo-
cal quartzites; biotite-gneisses; ocelar gneisses, interdigi-
tated with stromatic migmatites with the occurrence of

banded and leucocratic gneisses and feldspathic schist; un-
differentiated migmatites with amphibolites and quartz-
feldspathic veins associated with migmatites “dent de che-
val”, local pegmatite and aplo-granites; norites, enderbites,
charno-enderbites, gneisses, meta-quartz-diorites, meta-
diorites, metagabros, including serpentinites and steatites;
foliated granite suite, undifferentiated metasomatic gran-
ites or anatexia.

MINEROPAR (2002) defines the Complex as a set of
stromatic migmatites, granite gneisses, granite gneisses and
pebbles, meta-ultrabasic rocks, metabasites, amphibolites
and quartzites. There are frequent intercalations of amphi-
bolite bodies, sometimes with garnetiferous or magnesium
schists, from centimetric lenses to metric bodies. Features
related to the second phase of migmatization are common,
with pink mobilizates (K-feldspate), either consistent or not
with the gneiss banding. The association of norites, ender-
bites, charno-enderbites, and others corresponds more pro-
perly to a granulite complex. Two calcium-alkaline trends
were identified inside this set: one tonalite (norito ender-
bitic) and the other norite-jotunite-opdalite-charnockitic. In
metamorphic terms, a recrystallization event in the order of
800 °C within the granite facies was identified in this sector
of the Complex. The granite foliate, anatexytic and meta-
somatic is inserted in the Gneiss-Migmatitic Complex due
to the close relation with the embedded migmatites, in con-
trast to the granitoid rocks of the Granitic-Gneiss Complex,
which is considered intrusive.

In the area of interest, there are also some granitic
bodies, defined in the literature as belonging to the Alcali-
Granites Suite of Upper Proterozoic - Paleozoic age, with
different dimensions, ranging from small stocks to batho-
liths. It is locally named “Granito de Morro Redondo”, a re-
gional toponym These massifs are characterized by alkaline
nature, equigranular texture and isotropy, in contrast to the
pronounced foliation of gneisses and imbedded migma-
tites, where contact is normally made through fault zones
(MINEROPAR, 2002).

Regarding the colluvium areas of the quaternary age,
Angulo (2004) described them as sediments associated
with the Serra do Mar slopes, in which no evidence of trans-
port by low viscosity flows was observed. It is described by
the author as predominantly fine sediments, with variable
proportions of sand and pebbles, usually without structures.
Pebbles may be dispersed in the matrix or concentrated in
levels or lines (stonelines), with the frequent occurrence of
more than one superimposed colluvium with different tex-
ture or color characteristics. According to Angulo (2004),
colluviums seem to have been originated by slow mass
movement processes, involving weathering processes,
however, the lines of pebbles and buried soils attest to the
complexity of their evolution.

In the description of these sediments and deposits of
quaternary age, Angulo (2004) refers to the deposits of ta-
lus as sediment accumulations that frequently occur in the
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foothills of the steep slopes and whose deposition surfaces
create ramps of strong inclination. These ramps are pre-
dominantly characterized by debris fall process with no
evidence of fluvial processes. In some cases, the ramps de-
scribed had ravines, with parallel and non-radial patterns,
such as in fans. The distribution of the lithotypes is pre-
sented in Fig. 1.

The relief, with strongly corrugated morphology in
this environment, favors the occurrence of residual soils in
the upper third portion of the slopes, conditioned by the in-
cipient pedogenesis development associated to the action
of the surface runoff. Thus, these soils have characteristics
linked with the original material, represented by variable
granite lithotypes, migmatites and gneisses (Furlan et al.,
2011; Cerri et al., 2018). The colluvial soils, on the other
hand, may be found in the lower two-thirds of the slopes,
where they gain depositions from upwind and upstream
erosive processes.

3. Material and Methods

The area of study in this paper includes the segment
of BR-376/PR within Serra do Mar (Fig. 2). The area ex-
tends approximately 32 km and begins in the city of São
José dos Pinhais (a city belonging to the metropolitan re-
gion of Curitiba, State of Paraná), and continues until just
before the border of the State of Santa Catarina, between ki-
lometers 649 and 681 of BR-376/PR. The area includes

relief units from the First Plateau Paranaense and the
morphosculptural sub-unit of the Serra do Mar Paranaense.
The study of hydrographic basins supplies relevant infor-
mation to the research, for further analysis of rainfall distri-
bution at slope stability (Soares et al., 2012; Vilanova,
2015; Gonzalez, 2017; Cerri et al., 2018; Vieira et al.,
2018).

3.1. Geotechnical investigation program

The strategy for choosing the points of geotechnical
investigation was initially defined by the identification of
the different geologic units, described in the geologic map
(Fig. 1) and in field visits. Existing reports and geotechnical
projects also helped in the identification and previous local-
ization of the depots of colluvial soils and landfill areas.
The location of the investigation points (Fig. 3) was limited
to the area next to the borders of road BR-376/PR, between
km 660 and 680, due to the difficulty of access caused by
the dense vegetation and rough topography, characteristics
of Serra do Mar.

The elevation range was defined by eight classes,
with intervals of 200 m between each one, beginning with
< 200 m, 200 m-400 m, 400 m-600 m, 600 m-800 m,
800 m-1000 m, 1000 m-1200 m, 1200 m-1400 m and
> 1400 m, with a distribution of 1.6%, 8.7%, 10.7%, 18.4%,
47.4%, 7.4%, 4.7% and 1.1% for each class, respectively.
On the basis of EMBRAPA (2006) classification, and con-
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Figure 1 - Geologic map with the main lithotypes (Modified from MINEROPAR, 2005).



sidering the slopes declivity, the area presented 45.1% of

the area as Strongly Wavy, 22.1% as Wavy, 19.4% as Hilly,

7.5% as Softly Wavy, 3.6% as Steep and 2.4% as Plane.

The geotechnical investigation was distributed along

the large area of study in order to increase its representa-

tiveness (Fig. 3). The soil has a process of natural forma-
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Figure 2 - Location of the study area in Serra do Mar, State of Paraná, Brazil.

Figure 3 - Location of undisturbed samples.



tion, making its properties strongly dependent on the geo-
logical processes acting in their genesis and, therefore, the
parameters defined for each type of soil carry some intrin-
sic variability due to the heterogeneity of the material. The
undisturbed samples were obtained by excavation, avoid-
ing roots and organic material. No signals of wall instability
of the excavations were noticed at any point. Then, blocks
received paraffin in all their surroundings and were in-
volved with fabric, receiving paraffin once again. Such pro-
cedures follow standard NBR 9604 (ABNT, 1986), which
tries to preserve the natural moisture conditions and to en-
sure the physical integrity of the sample. Before being
moved from the wells, the blocks were packed in wood
boxes and the voids filled with sawdust. The collection pro-
cedure involved also the identification of the caps of the
boxes. Besides this procedure, from the bottom of each well
approximately 3 kg of deformed material were taken, in or-
der to proceed with geotechnical characterization tests.

3.2. Field and laboratory tests

Information of location and type of material sampled
along the studied stretch are found in Table 1. The elevation
and UTM coordinates were obtained via navigation GPS
with precision indicated by the manufacturer of approxi-
mately 5 m. In addition, for relative location of the material
sampled, data of the approximate km of the track were in-
serted. With regard to the location of the road where the
sampling was made, it was classified as N for the track in
direction North and S for the track in direction South, being
LS for left side and RS for right side of the road, as well as
the UTM coordinates (Zone 22S), along with the respective
values of East (E) and South (S) and the depth of the dis-
turbed and undisturbed samples to be used in the tests. The
depths of sampling were defined based on field visits, in
which land scars of ancients mass movements and the com-

mon type of appearance were identified, and were
classified as translational and subsurface (González, 2017).

The 11 (eleven) samples were submitted to geotech-
nical characterization (moisture content, granulometric
analysis, Atterberg Limits and particle density) and 5 of
them were selected to carry out conventional direct shear-
ing tests (with measurement of mechanical strength for spe-
cific and residual deformations), and another 4 samples to
carry out consolidated undrained triaxial compression tests
(CIU).

In places where samples were retrieved, permeability
in situ tests were also carried out using a mini disk infil-
trometer type. The modus operandi of the test consists basi-
cally in verifying the volume of water that infiltrates the
soil in a given interval of time along with a given suction.
For this, the upper and lower chambers of the test setup are
filled with water, the upper chamber controlling the applied
suction and the lower being used as a graduated reservoir to
determine the water infiltrating the soil (Victorino, 2015).

Fatehnia et al. (2014) describe that the area measured
by this type of method is small because of limitations of the
disk size of the infiltrometer and small depth of the test.
However, it is mainly used for determining the hydraulic
properties of the superficial layer of the soil. Moreover,
contrary to other devices that only measure the flow under
submerged or saturated conditions (such as, for example,
the double-ring permeameter), the tension disk infiltro-
meter is able to measure the non-saturated hydraulic con-
ductivity of the soil. In order to measure the hydraulic
conductivity of the soil, a negative potential (suction) must
be made over its surface. In the current study, the depth of
measurement was defined in 2.0 m (at the depth of the un-
disturbed samples) due to the low thickness of the potential
failure plane.

The soil mechanical strength parameters were deter-
mined via direct shear and triaxial compression tests car-
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Table 1 - Information about points of geotechnical investigation.

Sample ID km Road Side Origin of soil Elevation (m) UTM Coordinates Depth (m)

E (m) S (m)

AI-01 659 S LS Residual 804 0701199 7139033 1.5

AI-02 659 S RS Colluvium 809 0701199 7139033 1.0

AI-03 659 N RS Residual 800 0701387 7139099 2.3

AI-04 659 N RS Residual 818 0701368 7139105 1.0

AI-07 672 S RS Residual 311 0707750 7133769 1.2

AI-09 676 S LS Colluvium 178 0709382 7129296 0.9

AI-13 668 N RS Colluvium 582 0706740 7138096 1.5

AI-13A 668 N RS Residual 601 0706721 7138133 1.0

AI-14 667 N RS Residual 618 0706474 7138248 1.3

AI-15 666 N RS Residual 652 0706169 7137050 1.0

AI-16 664 N RS Residual 829 0704124 7138979 0.8



ried out at the Laboratory of Soils of the Institute of Tech-
nology for Development (LACTEC). The geotechnical
characterization was performed at the Laboratory of Mate-
rials and Structures (LAME) of the Federal University of
Paraná (UFPR).

Direct shear tests were conducted according to the
British Standards BS 1377 - part 7 (BSI, 1990a). Three
shearing apparatus were used: two of model L02900 from
Wille Geotechnik and one model Shear Trac II made by
Geocomp. The test specimens were trimmed in square rings
of 100 mm side and approximately 20 mm height. After
trimming, the specimen was slowly extruded into the shear
box, a setting load was applied, and the soil was submerged
in water (under inundation). A consolidation pressure was
then applied (30, 60 and 90 kPa) during a minimum period
of 24 h. Settlement readings were taken as a function of
time to allow appropriate calculation of consolidation coef-
ficients (cv = 2.2 � 10-5 to 6.2 � 10-4 cm2/s for 30 kPa;
8.7 � 10-5 to 2.3 � 10-3 cm2/s for 60 kPa and 2.5 � 10-4 to
3.9 � 10-3 cm2/s for 90 kPa) and to ensure that the sample has
reached equilibrium prior to the start of shearing. The
shearing rate was defined from parameters of consolidation
as proposed by Gibson and Henkel (1954, cited by Head,
1981), allowing to perform the test in drained conditions.
The shearing rate adopted for all tests was 0.07 mm/min.

Skempton (1964), cited by Kanji (1998) evaluated the
use of parameters of peak or residual strength for determin-
ing the safety factor of slopes. Kanji (1998) considers that
this choice should be based in the level of stress and defor-
mation of the slope, also considering geotechnical and geo-
logic aspects, such as the presence of joints and fissures,
degree of weathering and development of progressive fail-
ure. The author concluded that the presence of fissures and
joints may lead to a progressive failure until the material
reaches residual strength, suggesting, thus, the adoption of
residual strength values in these cases.

Kanji (1998) proposed a simple test for obtaining re-
sidual strength parameters whose procedure consisted in
molding clay soils until their liquid limit and shearing them
over a polished (smooth) surface. The main difference be-
tween this procedure and the conventional one is that the
lower half of the shear box is filled with polished rock,
making the soil sample slide over it. The author suggests
that using this technique the particles of soil become ori-
ented in the interface. Advincula (2016) uses the test speci-
men trimmed from the undisturbed block; however, in
order to create the polished interface, a thin steel wire was
used for cutting the sample directly in the polished surface
and to evaluate the residual shearing strength.

Based on Kanji (1998) and Advincula (2016), for the
residual strength test of this research, the soil was molded
directly in the undisturbed block and sheared over a polish
surface that consisted in a granite block with dimensions of
100 mm � 100 mm � 20 mm. This interface was placed in
the lower part of the shear box, in order to assess the resid-

ual shear strength of the sample. This test integrates both
methods previously described, taking the best procedure
from each one.

Regarding triaxial tests, they were executed using a
Wille Geotechnik shearing apparatus, model UL60, accord-
ing to British Standards BS 1377 - part 8 (BSI, 1990b).
Triaxial shear tests were performed using cylindrical soil
specimens of 50 mm in diameter by 100 mm in height. The
complete saturation of triaxial specimens was achieved by
employing two methods: percolation of water and applica-
tion of back pressure. Back pressure in the order of 350 kPa
was enough for B pore pressure parameter to reach the mini-
mum of 0.95 (BSI, 1990b). For the shearing stage the effec-
tive compression pressures were between 15 kPa and 90 kPa
with an axial displacement rate of 6.3 � 10-2 mm/min.

The definition of the shear strength parameters of the
saturated soil depended upon the failure criteria used to de-
terminate it. Among the most commonly used methods, are
applied: peak diverting tension (maximum deviation ten-
sion), constant inclination, maximum ratio of the principal
stresses (�’1/�’3), stress path and specific deformation (re-
sidual strength).

Both direct shear tests and triaxial tests were per-
formed with saturated samples considering that this is the
worst scenario, and better control conditions are possible
during the tests (Advincula, 2016; González, 2017; Trevi-
zolli, 2018).

4. Results and discussion

4.1. Geological aspects

Through information obtained from field work com-
pared with information available in the literature about the
area of interest, it was verified that:

Along the studied stretch of the road, residual soils
were found with more frequency and greater thickness
from half way up the slope to the top of the corrugated re-
liefs. Two main soil types have been identified that are re-
lated to this rock matrix: residual soils of migmatites/gneis-
ses and residual soils from granite.

The residual soils of migmatites/gneisses are the most
abundant and are characterized by the predominance of di-
verse colors (yellows, reds and whites). They are predomi-
nantly silty, compact and have low permeability and plas-
ticity. This type of soil is frequently in the presence of relict
structures from the parent material, characterized by a whit-
ish color, which comes from concentrations of felsic mate-
rials, such as feldspar and quartz. More reddish and yellow-
ish coloration levels are due to greater concentrations of
mafic minerals in the matrix rock, such as micas of biotite
type, and amphiboles.

Although the geologic map of the region indicates a
distance between the presence of granites and the area of
study, outcrops of this lithotype were observed during site
visits, on slopes adjacent to BR-376/PR highway, which
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were then mapped in addition to weathered residual soils.
The residual soils of granite were characterized by lighter
colors evidence of clay of kaolin type, resulting from the al-
teration of feldspars. The presence of colluvial soil was
marked by dark grey color, lack of structure and thickness
of approximately 50 cm. A layer of organic soil was also
found, about 20 cm thick, and dark in color.

The residual soils from granite had lack of relict
structures in the form of levels of different colorations,
white to reddish. The relict structure observed in some
cases is characterized by a differentiated granulometric as-
pect, given by the weathering alteration of feldspars of clear
colors and of mafic minerals of reddish colors, oriented ac-
cording to an incipient foliation that may be both of meta-
morphic and magmatic origin, having mineral granulo-
metry from medium to coarse (ALS, 2014).

Most colluvial soils are characterized by the reddish,
brownish or yellowish color, like bricks, of silt-sandy ma-
trix and without evidence of relict structures from the ma-
trix rock. They appear over residual soils, in some cases
being very clear the transition between both, especially by a
sudden change of coloration. They are located mainly in the
more flattened tops or in the lower portions of the strands
and have very irregular thickness (ALS, 2014).

The definition of colluvium soils is given as the mate-
rial composed of blocks and/or grains of any dimension,
transported by gravity and accumulated in the base or at a
small distance of steeper slopes or rocky cliffs (Lacerda &
Sandroni, 1985). This type of soil is often found in areas sit-
uated in the lower third of slopes and mountains, where the
relief is strongly corrugated and makes no reference to the
origin of the soil. Depending of transport factors, it may in-
volve more than one type of material.

Contacts between colluviums and residual soils of
migmatite are more accentuated in outcrops. Between hori-
zons A and B (colluvium soils), the sudden change of color-
ation marks the transition between them. The transition
from colluvium for residual soil (horizons C) is more sub-
tle, marked by the change from a material without structure,
or massive, to a material with relict structure, inherited
from the matrix rock. Besides, the disperse whitish colors
indicates the presence of weathered feldspars, in the case of
residual soil, feature not verified in colluvium soil.

In more restricted places of Serra do Mar Paranaense,
inside the interest area of this study, there are alluviums as-
sociated with the main channels in the section of the me-
dium rivers course such as the “São João”, among others.
Those alluviums cover an extensive region of Guaratuba, in
the portion of the coastal plain, in the riverbeds of “São
João, Cubatão, Cartãozinho and Canavieiras” rivers. They
are constituted by sediments of river deposition, predomi-
nating sand and riverbeds of gravel, which may be associ-
ated with depots of meadow and slope. The meadow depots
appear in restricted areas along some draining, character-
ized by unconsolidated sediments, of small thickness, con-

stituted by silts and clays, partly turfy and with sand of dif-
ferent granulometry. Inside those depots may also appear
gravel riverbeds, of Holocene age, where predominate
quartz and quartzite pebbles, well selected and rounded, in-
dicating effective transport (ALS, 2014).

4.2. Characterization tests

Characterization tests encompassed obtaining the soil
natural moisture content, Atterberg Limits and the particle
density of soil samples collected in field, representing the
surface material composing the hillside. Also, in situ hy-
draulic conductivity tests were performed at the bottom of
the well of the undisturbed soil samples collected in the
field. Results from characterization tests are shown in Ta-
ble 2. Except for samples AI-13 and AI-16, classified re-
spectively as clayey sand and silty gravel soil, the other
samples were classified as silty sand, according to USCS
(ASTM, 2017).

According to the plasticity chart relating liquid limit
(LL) vs. plasticity index (PI) (Fig. 4), most of the samples
have behavior belonging to silty soils (below line A) and all
samples had liquid limit (LL) under 50% (left of line B), be-
ing, therefore, classified as soils with low compressibility
and low to average plasticity. Line A distinguishes clay
soils (placed above) from silty soils (placed below). Line B,
describing the degree of compressibility of soils, separates
the materials with liquid limit lower and greater than 50%.

Only sample (AL-07) of residual soil from migmatite
exhibited behavior belonging to clay soils (over line A), al-
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Figure 4 - Plasticity chart.



though the amount of clay present in the granulometric

distribution was 3.8%. Granulometrics classification,

Atterberg Limits and the particle density results are coinci-

dent between them, which indicates accuracy in the proce-

dures. When compared by means of granulometric and the

plasticity chart classification as silty sand soils, the behav-

ior corresponds to silt of low compressibility and low
plasticity.

Results of granulometric analysis are presented in Ta-
ble 3, which displays the percentage of material retained in
each granulometric range.

The granulometric analysis of residual soil from mig-
matite showed that the soil lies in a well-defined range with
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Table 3 - Granulometric analysis of soil samples.

Soil Sample ID Soil classification
(USCS)

Gravel (2.0 mm <
% < 60 mm)

Sand (0.06 mm <
% < 2.0 mm)

Silt (2 �m < % <
0.06 mm)

Clay (% < 2 �m)

Residual from
migmatite

AI-01 Silty sand 0.0 32.1 63.3 4.6

AI-07 Silty sand 2.2 38.4 55.7 3.8

AI-13A Silty sand 4.6 34.9 56.4 4.1

Average 1.6 32.7 61.1 4.6

Standard deviation 1.9 4.7 6.3 1.6

Colluvium AI-02 Silty sand 0.4 37.6 55.3 6.7

AI-09 Silty sand 4.4 23.8 60.0 11.8

AI-13 Clayey sand 0.1 20.4 48.8 30.7

Average 0.3 29.0 52.1 18.7

Standard deviation 0.2 12.2 4.6 17.0

Residual from
granite

AI-03 Silty sand 1.2 32.3 59.2 7.3

AI-04 Silty sand 0.1 25.6 71.1 3.2

AI-14 Silty sand 0.1 35.1 54.3 10.5

AI-15 Silty sand 0.2 38.1 56.5 5.2

AI-16 Silty gravel 32.8 25.3 27.0 15.0

Average 9.4 30.6 49.5 10.6

Standard deviation 15.7 7.1 15.2 4.1

Table 2 - Values obtained by soil characterization tests.

Sample ID Natural moisture (%) Liquid limit (%) Plastic limit (%) Particle density (g/cm3) USCS classification

AI-01 25.6 30.2 28.5 2.773 Silty sand

AI-02 19.3 26.8 24.6 2.645 Silty sand

AI-03 23.5 29.8 28.2 2.694 Silty sand

AI-04 26.6 32.2 27.8 2.804 Silty sand

AI-07 19.2 22.3 18.3 2.680 Silty sand

AI-09 27.4 26.3 22.9 2.645 Silty sand

AI-10 22.8 27.5 20.5 2.637 Silty sand

AI-11 18.9 23.5 22.7 2.626 Silty sand

AI-13 30.6 31.1 26.1 2.693 Clayey sand

AI-13A 20.5 23.9 21.1 2.699 Silty sand

AI-14 22.9 26.8 24.8 2.677 Silty sand

AI-15 25.2 27.0 25.5 2.666 Silty sand

AI-16 23.1 30.1 24.3 2.634 Silty gravel



predominance of silty material (Fig. 5). The average
amount of silt in samples is equal to 61.1%, with a standard
deviation of 6.3%. The fraction of sand in samples was
32.7% on average, with standard deviation of 4.7%. The
fractions of gravel and clay represented a small portion of
the soils with averages of 1.6% and 4.6% respectively, and
standard deviations of 1.9% and 1.6% respectively. The
particle density was approximately 2.717 g/cm3 and stan-
dard deviation of 0.049 g/cm3. The natural moisture content
of these samples was 21.8% with standard deviation of
3.4%.

Samples AI-14 and AI-15 related with the residual
soils from granite showed very close granulometric distri-
bution and consistence index (Fig. 6). In contrast, sample
AI-16 had a predominance of gravel (32.8%) and high liq-
uid limit, probably associated with the greater concentra-
tion of clay (15.0%). For all samples (residual and colluvial
soils) the liquid limit (LL) had average of 27.3%, with 3.5%
standard deviation and the plastic limit (PL) had average of
26.1% with 1.8% standard deviation. The particle density
was approximately 2.695 g/cm3 and standard deviation of
0.065 g/cm3, with a moisture content in natural condition of
24.2% and standard deviation of 1.6%.

The granulometric distribution of colluviums showed
greater dispersion when compared with residual soils

(Fig. 7). While in the sample of colluvium soil AI-02 pre-
dominated the occurrence of silty sand material, sample
AI-13 had a significant percentage of clay of approximately
30.7%. A small amount of gravel was found in the two sam-
ples. The greater liquid limit (LL) corresponding to sam-
ples of colluvium material was found in sample AI-13
(31.1%), which may be explained by the clay portion pres-
ent in the material. The average value for plastic limit (PL)
was 24.5%, for particle density was 2.661 g/cm3 (with stan-
dard deviation of 0.028 g/cm3), and for natural moisture
content was 25.8% (with standard deviation of 5.8%).

4.3. In situ permeability tests

By means of in situ permeability test of superficial
soil, made at the bottom of the sampling wells of the undis-
turbed samples, average values of hydraulic conductivity
around 10-4 cm/s were obtained, with minimum value of
3.1 � 10-5 cm/s and maximum value of 1.0 � 10-3 cm/s, get-
ting as result coefficients defining a low degree of perme-
ability, according to Terzaghi & Peck (1967). Such average
of hydraulic conductivity is found in the interval defined by
Casagrande & Fadum (1940), corresponding to very fine
sand and silt. According to Lambe & Whitman (1969),
those values correspond to sandy clay. For Pinto (2006),
this value of hydraulic conductivity is considered charac-
teristic of clay and fine sand. Das (2007) defines these val-
ues of hydraulic conductivity as belonging to clay or silt.
Therefore, the value of the hydraulic conductivity obtained
is found adequate for soils of the studied site, classified as
silty sand, according to the USCS granulometric analysis.

Vieira et al. (2018) used in their investigation values
of 10-4 and 10-3 cm/s obtained with Guelph Permeameter in
three land scars in an experimental basin located in the
Serra do Mar (Copebrás basin, São Paulo State), either in
colluvial soil or in migmatite saprolite’s of the Embu Com-
plex and Costeiro Complex. According to the authors, two
types of regolith above an intensely fractured bedrock were
observed: colluvial soil with depths about 1.0 m, formed by
pedogenesis over transported material, with a sandy-clayey
texture matrix and partially weathered bedrock; and sapro-
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Figure 5 - Granulometric curves related to migmatite residual soil.

Figure 6 - Granulometric curves related to granite residual soil. Figure 7 - Granulometric curves related to coluvium soil.



lite (about 3.0 to 4.0 m depth), more sandy than the overly-
ing horizon, with evidence of structures inherited from
bedrock.

Trevizolli (2018) studied the in situ permeability in a
slope located at Serra do Mar, km116 in Barra do Turvo -
State of São Paulo, using Guelph Permeameter. The author
obtained a hydraulic conductivity of 10-5 cm/s for the super-
ficial soil of the slope. The soil of the slope investigated
was classified as colluvium and residual soil from Migma-
tite rock, with granulometric analysis resulting in clayey
sand and clayey sand with gravel, respectively.

Therefore, comparing the results found here with pre-
vious research (Vieira et al., 2018; Trevizolli, 2018), the
soil particle size resulting from the weathering of migma-
tite is partially similar to the other regions at Serra do Mar
with similar lithotypes, generating hydraulic conductivity
between 10-5 and 10-3 cm/s for this soil.

4.4. Mechanical behavior tests

Conventional and smooth interface direct shear tests
were performed for obtaining parameters of peak and resid-
ual strength, in both cases under inundation, in addition to
triaxial CIU test (Fig. 8).

Based on the shearing stress-horizontal displacement
response shown in Fig. 9 from conventional and smooth in-
terface direct shear tests, the failure mode of the test speci-
mens happened in a ductile way, in other words, with no
peak (Fig. 9). This characteristic is typical of the behavior
of sandy soils with void ratio greater than critical, in other
words, loose sands.

Table 4 and Table 5 show a summary of shear
strength results: friction angle (�’) and cohesive intercept
(c’), normal stress, degree of saturation initial (i) and final
(f) from conventional direct shear tests and smooth inter-
face method.

The determination of the parameters of maximum
shear strength of the soils considered a horizontal displace-

ment of 8 mm, which was established considering the shear
stress-displacement response. For this displacement value,
the shear stress is nearly constant. For residual strength test
(smooth interface) larger values of horizontal displacement
were required (11 mm) in order to reach constant values of
shear stress (Tchalenko, 1970; Suzuki, 2004; Advincula,
2016; González, 2017; Trevizolli, 2018).

For colluvium soils, the cohesive intercept was grea-
ter than that observed for the residual soil from migmatite,
and similar to that of the residual soil from granite.

Skempton (1985, cited by Kanji 1998) interpreted the
residual strength of soils as a function of their fraction of
clay (grains smaller than 2 �m). The author concludes in its
work that, for soils with percentage of clay over 50%, the
angles of residual friction found are lower and have great
differences between peak and residual values. On the other
hand, when the percentage of clay is smaller than 25%, re-
sidual values much closer to the peak strength values are
found. This trend was verified in the present research.
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Figure 8 - Conventional direct shear (left) and triaxial CIU (right).

Figure 9 - Shear strength vs. horizontal displacement for migma-
tite residual soil (AI-01).



Therefore, sample AI-13 that has 30.7% of clay had differ-
ence of 7.4° between the friction angle obtained in the con-
ventional shearing test and the smooth interface test, while
sample AI-01, with 4.6% of clay fraction, had a difference
of 2.3° between those two tests.

Sample AI-09, pertaining to colluvium soil, had a dif-
ference of 19.3 degrees between the conventional direct
shearing test (37.9°) and the residual strength by smooth in-
terface (18.6°), showing inconsistent result and too low for
residual friction angle.

In sample AI-13A, the presence of relict structures
was identified. This characteristic has a tendency of condi-
tioning the failure surface and having strength parameters
under or over the ones defined in the conventional direct
shear test, depending on the position of structures and
weakness plans about the shear surfaces in the shear box.

By comparing the present results with other re-
searches, the behavior failure mode in a ductile way (no
peak) was also observed in the study of Advincula (2016)
on the determination of peak and residual strength of collu-
vium tropical Brazilian soils in the State of Rio de Janeiro,
for normal stresses from 25 kPa to 200 kPa. Although those
are colluviums soils, Advincula (2016) studied a sample of
residual soil from migmatite, which exhibited peak in fail-
ure at the convencional direct shear test. For colluvium
soils, the values of both residual and peak friction angles
obtained by the cited author were between 22.5° and 37.4°,
with values of cohesive intercept between 0.0 and 9.5 kPa
for residual strength and 0.8 and 19.8 kPa for peak strength.

In the sample of residual soil from migmatite, the peak fric-
tion angle was 36.4° with a cohesive intercept of 36.5 kPa,
while the corresponding residual values were 15.3° and
7.0 kPa, respectively. The author attributes the decrease of
strength from peak to residual values, to the presence of
mica in the mineral composition (Rigo et al., 2006; Advin-
cula, 2016).

Trevizolli (2018) performed conventional and
smooth interface direct shear tests (at normal stresses from
50 kPa to 200 kPa) in colluvium and residual soils (under
inundation) from Migmatite rock at Serra do Mar slope in
Barra do Turvo - State of São Paulo. The author found fail-
ure mode in a ductile way (no peak). The values of both re-
sidual and peak friction angle obtained by the cited author
were between 17.8° and 30.2°, with values of cohesive in-
tercept between 4.7 and 16.8 kPa.

Suzuki (2004) performed conventional direct shear
tests (at normal stresses from 25 kPa to 400 kPa) in collu-
vium and residual soils (under inundation) from Serra do
Mar at Morretes - State of Paraná. The author also found
failure mode in a ductile way (no peak) for most samples
tested. The resistance parameters varied between 2.0 and
21.0 kPa for cohesive intercept and 28.3° to 34.6° for fric-
tion angle.

By means of triaxial tests, it was verified that the be-
havior of soil not always had a defined peak and, in some
tests, the material was identified with a strain-hardening be-
havior, without a well-defined failure (Fig. 10). Thus, for
processing results according to the material behavior, dif-
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Table 4 - Parameters of soil strength from conventional direct shear tests.

Material Sample ID Normal stress
(kPa)

Degree of satu-
ration (i) (%)

Conventional direct shear strength test Degree of satu-
ration (f) (%)Displac. (mm) c’ (kPa) �’(°)

Residual soil from
migmatite

AI-01 30; 60; 90 60 8.0 6.5 27.9 91

AI-13A 30; 60; 90 90 8.0 0.0 38.3 100

Colluvium AI-02 30; 60; 90 70 8.0 8.2 26.0 93

AI-09 30; 60; 90 80 8.0 14.8 37.9 100

AI-13 30; 60; 90 90 8.0 11.7 31.8 100

Residual soil from
granite

AI-14 30; 60; 90 60 8.0 14.2 28.1 87

Table 5 - Parameters of soil strength from direct shear with smooth interface method.

Material Sample ID Normal
stress (kPa)

Degree of satu-
ration (i) (%)

Direct shear strength method of smooth interface Degree of satu-
ration (f) (%)Displac. (mm) c’ (kPa) �’(°)

Residual soil from
migmatite

AI-01 30; 60; 90 60 11.0 0.0 25.6 92

Colluvium AI-02 30; 60; 90 70 11.0 0.0 26.8 93

AI-09 30; 60; 90 80 11.0 11.8 18.6 100

AI-13 30; 60; 90 90 11.0 0.0 24.4 100



ferent failure criteria were used. Triaxial tests presented a
strain-hardening behavior, so the criteria of maximum rate
of the principal stresses (�’1/�’3) and stress paths were ap-
plied.

The results obtained with CIU triaxial tests are pre-
sented in Table 6, as well as the values of degree of satura-
tion initial (i) and final (f), the value of B pore pressure
parameter and the failure criteria applied.

Contrary to that presented in the conventional direct
shearing test, the residual soil from migmatite subjected to

triaxial test showed higher values of cohesive intercept,
while the samples of residual soils from granite showed
lower values. The friction angle showed no significant vari-
ation in the studied soils.

Generally, when comparing the results obtained from
conventional direct shear tests with results from CIU tria-
xial tests, the values of internal friction angle were concor-
dant, for all samples tested here (residual and colluvium
soil). The minimum value of the friction angle determined
from the conventional direct shear test was around 26.0°
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Table 6 - Parameters of soil strength obtained with triaxial tests.

Material Sample Degree of satu-
ration (i) (%)

B pore pressure
parameter

Degree of satu-
ration (f) (%)

Failure criteria c’ (kPa) �’ (°)

Residual soil from
migmatite

Al-07 65 1.00 100 �’1/�’3
12.7 33.3

Stress path 14.3 32.2

AI-14 63 0.97 99 �’1/�’3
1.6 28.9

Stress path 3.1 27.8

Residual soil from
granite

AI-15 58 0.96 99 �’1/�’3
0.5 35.1

Stress path 0.0 34.8

AI-16 81 0.98 99 Stress path 0.0 43.2

Figure 10 - Stress path curves obtained through Triaxial CIU test in samples (a) AI-07; (b) AI-14; (c) AI-15 e (d) AI-16.



and the maximum value around 38.3°, with average of ap-
proximately 31.7°. In the CIU triaxial test, the minimum
value found was 27.8° and the maximum value of 43.2°,
with average of approximately 33.6°. Consequently, the
average peak friction angle of 32° was adopted as being a
conservative value for a regional approach.

Results obtained in tests of residual shear of smooth
interface (for residual soil from migmatite and colluvium)
presented minimum values, around 18.6°, showing incon-
sistent result and too low for residual friction angle, and
maximum around 26.8°. Thus, the average residual friction
angle of approximately 26° was assumed.

Results regarding the cohesive intercept showed
more disparity (for all samples: residual and colluvium
soil), with values being obtained by means of direct shear
tests (ranging from 0.0 kPa to 14.8 kPa, with average equal
to 9.2 kPa) similar in magnitude of minimum and maxi-
mum to the ones obtained by means of CIU triaxial tests
(ranging from 0.0 kPa to 14.3 kPa, however with average
equal to approximately 4.6 kPa).

In the detailed analysis of sample AI-14 (Residual
soil from Granite), in which direct shear and CIU triaxial
test were carried out, a small difference in the friction angle
was observed. In direct shear test, the friction angle was
28.1° and from CIU triaxial test was 28.7°. The cohesive in-
tercept was significantly disparate, being 14.2 kPa for con-
ventional direct shear and 1.6 kPa for CIU triaxial test.

Values of cohesive intercept obtained in CIU triaxial
tests for granite residual soils were closer to the results ob-
tained in direct shear tests of smooth interface (0 kPa). The
triaxial test carried out with migmatite residual soils
showed greater values of cohesive intercept (average of
13.5 kPa), being different from the results obtained with
samples of granite residual soils, which showed values be-
tween 0.0 and 3.1 kPa, with average of 1.0 kPa.

Once again, comparing the present results with other
references about CIU triaxial tests in Brazilian tropical
soils, Advincula (2016) obtained values of friction angle in
colluvium soils between 29.5° and 31.1° and cohesive in-
tercept between 6.4 kPa and 11.8 kPa.

With respect to residual soils, Carvalho (2012) per-
formed triaxial CIU tests in migmatite residual soil in the
state of Rio de Janeiro, obtaining as results values of fric-
tion angle of 21.5° and cohesive intercept of 105.8 kPa. It
must be noted that as the pressures applied by Carvalho
(2012) are between 25 and 500 kPa, the values of friction
angle and cohesive intercept analogous to tests described in
this paper could not be correlated. However, analyzing only
effective stresses of 25, 75 and 150 kPa from the work of
Carvalho (2012), the value of cohesive intercept and fric-
tion angle were 74.2 kPa and 27.7°, respectively, being
more coherent with the results of the present research, how-
ever with a greater cohesive intercept.

In order to have knowledge about the results of shear-
ing strength in residual terms, Bressani et al. (2001) pre-
sented a review of several references for different types of
Brazilian tropical soils, which made possible to observe
that the average angle of residual friction is 25° (excluding
results from residual basalt soil, grey and red clay listed)
and cohesive intercept has a lower value, around 0 kPa.

Tonus (2009), based on data presented by Dell’Avan-
zi et al. (2007) from triaxial CIU and CID tests, direct shear
and ring shear tests, presented a summary of the parameters
of peak strength found for different lithostratigraphic units,
whose granulometric descriptions are similar to the ones
observed in the current research. From statistical analysis,
the author obtained friction angles between 29° and 36°
(average of 32°) and cohesive intercept between 13 and
29 kPa (average of 21 kPa) for residual soils. With respect
to colluvium soils, the friction angle ranged between 25°
and 31° (average of 28°) and the cohesion between 6 and
21 kPa (average of 14 kPa). Those results have high coeffi-
cient of variation, with values around 20% for the friction
angle and of 95% for cohesive intercept.

Regarding the high degree of variation for parameters
of peak friction angle and cohesive intercept, a similar trend
was observed in the study presented by Mezzomo & Ber-
tuol (2013). By means of retro-analysis made in soils (re-
sidual and colluvium) of several slopes along the Serra do
Mar, those researchers obtained an average friction angle of
25° and average cohesive intercept of 10 kPa, with coeffi-
cient of variation of 12% and 72%, respectively.

Generally, when compared with data found in litera-
ture, the results obtained with both direct shear tests and
CIU triaxial tests carried out in this research are coherent
and similar considering the variability of the material found
in the region (Table 7).

The comparison of the shear strength parameters ob-
tained by two different methods (CIU triaxial tests and con-
ventional direct shear tests) is very interesting because of
the differences between the apparatus applied and the prin-
ciples. In CIU triaxial tests the soil fails along planes of
weakness, while in direct shear tests the soil rupture occurs
in a pre-established plane. (Lambe & Whitman, 1969; Pin-
to, 2006; Das, 2007).

At Serra do Mar, where the occurrence of mass move-
ments with shallow-type landslide is common, as typical of
the geological-geotechnical context of the region, conven-
tional direct shear tests to obtain shear strength parameters
are simple, with low cost and fast execution time compar-
ing with CIU triaxial tests. In addition, they are useful as
well as representative of the field conditions: plane slip sur-
face at low confining stresses.

Furthermore, in these slopes progressive failure fre-
quently occurs and, therefore, residual shear parameters are
relevant as entry parameters in landslide susceptibility
analysis. One more time, direct shear tests with smooth in-
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terface can be applied to obtain those parameters, as was
done in this paper.

5. Conclusions

This paper examined geological-geotechnical charac-
teristics of slopes belonging to a segment of BR- 376/PR,
within Serra do Mar in Southern Brazil.

The classification of colluvium soils and superficial
granite and migmatite residual soils were, in part, similar
with regard to both characteristics and granulometry: pre-
dominantly silty sand, with mean value of particle density
of 2.691 g/cm3, plasticity index on average equal to 3.2%
and natural moisture of 23%. The in situ hydraulic conduc-
tivity obtained was around 10-4 cm/s in the superficial layer
of the soil, characterized as the potential failure surface.

Different from what can be found in the literature
about residual soils present in the region of study, namely
that migmatite residual soils and granite residual soils are
clayey soils, this research observed great amounts of silt
and sand and low amount of clay (in average, for all sam-
ples, 53% of silt, 8% of clay and 32% of sand). This differ-
ence among the described information may be the conse-
quence of the variation of the composition that the
lithotypes of this complex have and because these residual
soils are younger. Granulometric curves had a similar trend
among residual soils, while colluvial soils had a greater dis-
persion in the granulometric distribution, confirming the
heterogeneity of the material when transported and the dif-
ference of material weathered in situ. Colluvium and resid-

ual areas were hard to limit, this being one of the main
limitations of the research.

This finding is observed when comparing results
from the characterization of those materials, made by
means of granulometric analysis, Atterberg Limits and par-
ticle density, as well as from parameters of mechanical
strength, obtained by means of conventional direct shear
test and smooth interface tests, and of CIU triaxial tests,
which were analogous.

Concerning parameters of mechanical strength, the
residual and colluvial soils found in the studied area (a por-
tion of Serra do Mar) showed average peak and residual
friction angle of 32° and 26°, respectively. For cohesive in-
tercept a greater disparity of results was obtained, but also
according to literature.

Therefore, the soils found along the studied area, even
if different with respect to the geological material defining
their genesis, have similar physical characteristics as well
as mechanical behavior. Such results, together with other
relevant parameters (e.g., slope declivities and layers,
groundwater level, rainfall records, suction records and soil
retention curve), may be used as input data for future stud-
ies, such as in the evaluation of the stability of road slopes,
either in individual cases or in regional scale, in nearby ar-
eas or having a similar context of geologic material.
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Table 7 - Summary of some results from shear strength parameters of Serra do Mar soils.

Authors Source of results Type of soil Friction angle (�’) Cohesive intercept (c’)

Present research Direct shear tests Residual and Colluvium 18.6°-38.3° 0.0-14.8 kPa

CIU triaxial tests Residual and Colluvium 27.8°-43.2° 0.0-14.3 kPa

Bressani et al. (2001) Shearing strength in residual
terms

Brazilian tropical soils 25° 0.0 kPa

Suzuki (2004) Direct shear tests Residual and Colluvium 28.3°-33.0° 2.0-21.0 kPa

Tonus (2009) CIU and CID triaxial tests, Di-
rect shear and ring shear tests

Residual 29°-36° 13.0-29.0 kPa

Colluvium 25°-31° 6.0-21.0 kPa

Carvalho (2012) CIU triaxial tests for high con-
fining stress

Residual 21.5° 105.8 kPa

Carvalho (2012) CIU triaxial tests for low con-
fining stress

Residual 27.7° 74.2 kPa

Mezzomo & Bertuol
(2013)

Retro-analysis Residual and Colluvium 25.0° 10.0 kPa

Advincula (2016) Direct shear tests Residual 15.3°-36.4° 7.0-36.5 kPa

Advincula (2016) Direct shear tests Colluvium 22.5°-37.4° 0.0-19.8 kPa

Advincula (2016) CIU triaxial tests Colluvium 29.5°-31.1° 6.4-11.8 kPa

Trevizolli (2018) Direct shear tests Residual and Colluvium 17.8°-30.2° 4.7-16.8 kPa



teris S.A., under the control of the National Agency of
Ground Transportation - ANTT, for making possible the
accomplishment of this research project.

References

ABNT (1986). Abertura de Poço e Trincheira de Inspeção
em Solo, com Retirada de Amostras Deformadas e
Indeformadas - NBR 9604. Associação Brasileira de
Normas Técnicas - ABNT, Rio de Janeiro, RJ, Brazil, 9
p.

Advincula, M.R.E. (2016). Avaliação do Efeito de Aumen-
to de Poropressão nas Características de Resistência de
Três Solos Tropicais. Ph.D. Thesis. Pontifícia Univer-
sidade Católica do Rio de Janeiro, Rio de Janeiro, 278 p.

Angulo, R.J. (2004). Mapa do cenozoico do litoral do
Estado do Paraná. Boletim Paranaense de Geociências,
55:25-42.

ALS, Autopista Litoral Sul (2014). Riscos geológico-geo-
técnicos em taludes rodoviários: Desenvolvimento de
uma metodologia de mapeamento e gerenciamento in-
tegrado de informações para a BR-376, trecho da Serra
do Mar (PR-SC). Recursos para Desenvolvimento Tec-
nológico - RDT. ANTT.

ASTM (2017). Standard Practice for Classification of Soils
for Engineering Purposes (Unified Soil Classification
System) - D2487-17. ASTM International, West
Conshohocken, PA, USA, 10 p.

Bicalho, K.V.; Vivacqua, G.P.D.; Cui, Y.-J.; Froumentin,
M.; Mercadier, D. & Tang, A.M. (2015). Experimental
investigation of soil-atmosphere interaction in an in-
strumented embankment constructed with two treated
clays. Soils and Rocks, 38(2):149-162.

BSI (1990a). British Standard Methods of test for soils for
civil engineering purposes. Part 7. Shear strength tests
(total stress) - BS 1377: Part 7. British Standards Insti-
tution - BSI, London, UK, 56 p.

BSI (1990b). British Standard Methods of test for soils for
civil engineering purposes. Part 8. Shear strength tests
(effective stress) - BS 1377: Part 8. British Standards
Institution - BSI, London, UK, 38 p.

Bressani, L.A.; Bica, A.V.D.; Pinheiro, J.B. & Rigo, M.L.
(2001). Residual shear strength of some tropical soils
from Rio Grande do Sul. Solos e Rochas, 23(2):103-
113.

Carvalho, T.M.O. (2012). Desenvolvimento de um Sistema
de Medição de Variação de Volume Total de Amostras
Não Saturadas em Ensaios Triaxiais e Avaliação da
Influência da Técnica de Saturação no Comportamento
Tensão Deformação-Resistência de Solos Residuais.
Ph.D. Thesis, Pontifícia Universidade Católica do Rio
de Janeiro, Rio de Janeiro, 401 p.

Casagrande, A. & Fadum, R.E. (1940). Notes on soil test-
ing for engineering purposes. Harvard University, Gra-
duate School of Engineering, 268 p.

Cerri, R.I.; Reis, F.A.G.V.; Gramani, M.F.; Rosolen, V.;
Luvizotto, G.L.; Giordano, L.C. & Gabelini, B.M.
(2018). Assessment of landslide occurrences in Serra
do Mar mountain range using kinematics analyses. En-
vironmental Earth Sciences, 77:325.

Das, B.M. (2007). Introduction to Geotechnical Engi-
neering. Wadsworth Publishing Co Inc, Belmont, Cali-
fornia, 636 p.

Dell’Avanzi, E.; Kormann, A.C.M. & Nascimento, N.A.
(2007). Readequação do projeto OSPAR km 72. Rela-
tório Técnico apresentado à TRANSPETRO. Univer-
sidade Federal do Paraná, Curitiba.

EMBRAPA (2006). Sistema Brasileiro de Classificação de
Solos. EMBRAPA - Empresa Brasileira de Pesquisa
Agropecuária, Brasília, DF, Brazil, 306 p.

Fatehnia, M.; Tawfiq, K. & Abichou, T. (2014). Compari-
son of the methods of hydraulic conductivity estimation
from mini disk infiltrometer. Electronic Journal of Geo-
technical Engineering, 19:1047-1063.

Furlan, A.; Bonotto, D.M. & Gumiere, D.J. (2011). Devel-
opment of environmental and natural vulnerability
maps for Brazilian coastal at São Sebastião in São Paulo
State. Environmental Earth Sciences, 64:659-669.

Gibson, R.E. & Henkel, D.J. (1954). Influence of duration
of test at constant rate of strain on measured “drained”
strength. Geotechnique, 4:6-15.

González, A.A.M. (2017). Simulação Geológico-Geotéc-
nica para Avaliação de Estabilidade de Taludes a Partir
de Técnicas de Geoprocessamento. Ph.D. Thesis, Uni-
versidade Federal do Paraná, Curitiba, 243 p.

González, A.A.M.; Passini, L.B. & Kormann, A.C.M.
(2017). Rainfall effects on pore pressure changes in a
coastal slope of the Serra do Mar in Santa Catarina.
Soils & Rocks, 40(3):263-278.

Head, K.H. (1981). Manual of Soil Testing. Volume 2: Per-
meability, Shear Strength and Compressibility Test. 1st
ed. ELE International Limited, London, 747 p.

Kanji, M.A. (1998). Determinação de FI residual de Solos
Argilosos por Ensaios de Cisalhamento Direto de Inter-
face Lisa. In: Proc. XI Congresso Brasileiro de Mecâ-
nica dos Solos e Engenharia Geotécnica,
COBRAMSEG, Brasília, p. 713-719.

Lacerda, W.A. & Sandroni, S. (1985). Movimentos de
massa coluviais. Mesa Redonda sobre aspectos geotéc-
nicos de encostas. Clube de Engenharia, Rio de Janeiro,
p. 1-19.

Lambe, T.W. & Withman, R.V. (1969). Soil Mechanics.
John Wiley & Son, New York, 553 p.

Listo, F.L.R. & Vieira, B.C. (2015). Influência de parâ-
metros geotécnicos e hidrológicos na previsão de áreas
instáveis a escorregamentos translacionais rasos utili-
zando o modelo TRIGRS. Revista Brasileira de Geo-
morfologia, 16(3):485-500.

Soils and Rocks, São Paulo, 42(2): 139-154, May-August, 2019. 153

Geological-Geotechnical Characterization of Slopes Belonging to the Serra do Mar Paranaense, Brazil



Massad, F. (2010). Obras de Terra: Curso Básico de Geo-
tecnia. 2ª ed. Editora Oficina de Textos, São Paulo,
216 p.

Mendes, R.M.; Orlando, P.G. & Marinho, F.A.M. (2006).
Propriedades geotécnicas de solos residuais não satu-
rados da Serra do Mar. In: Proc. XIII Congresso Brasi-
leiro de Mecânica dos Solos e Engenharia Geotécnica,
XIII COBRAMSEG, Curitiba, v. 1, pp. 355-360.

Mendes, R.M.; Marinho, F.A.M. & Valério Filho, M.
(2015). Capacidade de retenção de água em solos da
Serra do Mar, SP. Revista do Instituto Geológico,
36(1):21-34.

Mezzomo, S.M. & Bertuol F. (2013). Rodovia BR-376/PR
- Banco de dados dos parâmetros de resistência ao
cisalhamento obtidos através de retroanálise. In: Proc.
VI Conferência Brasileira de Estabilidade de Encostas,
COBRAE, Angra dos Reis, p. 30-35.

MINEROPAR, Minerais do Paraná S/A. (2002). Relatório
do Mapeamento das Cartas de Geologia do Paraná na
área de abrangência do Programa Pró-Atlântica. In:
SEMA. CARTAS GEOLOGIA (Sul). Curitiba, CD-
ROM.

MINEROPAR, Minerais do Paraná S/A. (2005). Mapa
Geológico, Folha de Curitiba. MINEROPAR, Paraná.
Escala: 1:250.000 colorido.

Oliveira, N.S.; Rotunno, O.C.; Marton, E. & Silva, C.
(2016). Correlation between rainfall and landslides in
ova Friburgo, Rio de Janeiro - Brazil: A case study.
Environmental Earth Sciences, 75:1358.

Ortigão, J. A. R & Sayão, A.S.F.J. (2004). Handbook of
slope stabilization. Springer.478 p.

Picanço, J.; Mesquita, M.J. & Melo, L.L. (2019). Geotech-
nical and mineralogical properties of granite regolith re-
lated to nucleation mechanisms of debris flows in
tropical areas. International Journal of Erosion Control
Engineering, 11(3):54-62

Pinto, C.S. (2006). Curso Básico de Mecânica dos Solos
com Exercícios Resolvidos. 3a ed. Oficina de Textos,
São Paulo, 368 p.

Rigo, M.L.; Pinheiro, R.J.B.; Bressani, L.A.; Bica,
A.V.D.B. & Silveira, R.M. (2006). The residual shear
strength of tropical soils. Canadian Geotechnical Jour-
nal, 43(4):431-447.

Sestrem, L.P.; Kormann, A.C.M.; Pretto, J.H.F. & Mari-
nho, F.A.M. (2015). Precipitation influence on the dis-
tribution of pore pressure and suction on a coastal
hillside. Soils & Rocks, 38(1):81-92.

Siga Jr., O.; Basei, M.A.; Neto, J.M.; Machiavelli, A. &
Harara, O.M.O. (1995). O complexo Atuba: um cintu-
rão Paleoproterozóico intensamente retrabalhado no
Neoproterozóico. Boletim. Instituto de Geociências,
Série Científica, 26:69-98.

Skempton, A.W. (1964) Long term stability of clay slopes.
Geotechnique, 14:77-107.

Soares, P.V.; Pereira, S.Y.; Simoes, S.J.C.; Bernardes,
G.P.; Barbosa, S.A. & Trannin, I.C. (2012). The defini-
tion of potencial infiltration areas in Guaratinguetá wa-
tershed, Paraíba do Sul basin, Southeastern Brazil: an
integrated approach using physical and land-use ele-
ments. Environ Earth Sci. 67:1685-1694.

Suzuki, S. (2004) Propriedades Geomecânicas de Alguns
Solos Residuais e Coluviais ao Longo do Oleoduto
Curitiba-Paranaguá. Dissertação de Mestrado, Univer-
sidade Federal do Rio de Janeiro, Rio de Janeiro, 329 p.

Tchalenko, J.S. (1970). Similarities between shear zones of
different magnitudes. Geological Society of America
Bulletin, 81:1625-1640.

Terzaghi, K. & Peck, R.B. (1967). Mecánica de Suelos en
la Ingeniería Práctica. 2nd ed., Editorial “ El Ateneo”
S.A., Buenos Aires, 750 p.

Tonus, B.P.A. (2009). Estabilidade de Taludes: Avaliação
dos Métodos de Equilíbrio Limite Aplicados a uma
Encosta Coluvionar e Residual da Serra do Mar Para-
naense. M.Sc. Dissertation, Universidade Federal do
Paraná, Curitiba, 147 p.

Trevizolli, M.N.B. (2018). Proposta de Modelo para Ava-
liação de Risco de Deslizamentos Baseado em Cenários
de Eventos Pluviométricos: Aplicação em um Talude
da Serra do Mar no Trecho PR/SP. M.Sc. Dissertation,
Universidade Federal do Paraná, Curitiba, 197 p.

Victorino, M.M. (2015). Influência das Chuvas nas Poro-
pressões e Estabilidade dos Taludes Rodoviários de um
Trecho da BR 376 na Serra do Mar Paranaense. M.Sc.
Dissertation, Universidade Federal do Paraná, Curitiba,
124 p.

Vieira, B.C.; Fernandes, N.F.; Filho, O.A.; Martins, T.D. &
Montgomery, D.R. (2018). Assessing shallow landslide
hazards using TRIGRS and SHALSTAB models, Serra
do Mar, Brazil. Environmental Earth Sciences, 77:260.

Vilanova, M.R.N. (2015). Long-term rainfall trends in Ser-
ra da Mantiqueira Environmental Protection Area,
southeast Brazil. Environmental Earth Sciences,
73:4779-4790.

154 Soils and Rocks, São Paulo, 42(2): 139-154, May-August, 2019.

González et al.


