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Abstract. This paper presents a parametric study on erodibility of soils which occurs in Southern Brazil. Different
methodologies were carried out and soils more vulnerable to these phenomena were identified. The research lays mainly on
erodibility criteria based on infiltrability tests, weight loss by immersion, direct shear tests and modified Inderbitzen tests.
Results obtained allowed a comparison and interpretation of the erosive potential of some soil units from the states of
Parand, Santa Catarina and Rio Grande do Sul. By the applied methodologies and their respective criteria, it was observed
that Cambisols units present a high erosive potential compared to other soils studied, like Latosols and Red-Yellow
Podzolic soils. It was also observed that fine sandy soils were more vulnerable to erosion despite the fact of belonging to
the same group. This was due to the different degree of weathering of the stratum from where samples were obtained.
Finally, the results also showed that it seems to be possible to successfully correlate the erosive potential of soils with
simple indices, which may reflect the characteristics related to certain peculiarities of the soil, such as specific gravity.
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1. Introduction

Erosive processes caused by water are of great inter-
est, especially in areas of high pluviometric indices and in-
tense use and occupation, as occurs in the south region of
Brazil. The siltation mechanism, reflex of erosion phenom-
enon, tends to accelerate with the expansion of urban areas,
mainly due to the suppression of vegetation, exposing high
vulnerable soils to erosion. This process results on the de-
crease of the superficial thickness of soil horizons and on
the rising of river water levels during catastrophic climatic
events.

Although several studies have been carried out to ana-
lyze erosive potential of soils from other parts of Brazil, the
relationship between geotechnical parameters obtained by
laboratory tests and the tropical soil units have not usually
been done.

Due to this reason, a diagnostic study was carried out
between the erosive potential of soils determined by differ-
ent mechanisms of evaluation of geotechnical parameters
involved in the process (Criterion of erodibility - Nogami &
Villibor, 1979; Modified Inderbitzen - Freire, 2001 and Di-
rect Shear Tests - Bastos et al., 2002) and their pedologic
classification.

2. Soil Samples Location

All studied soil samples come from south Brazil,
which is formed by states of Parand, Santa Catarina and Rio
Grande do Sul. Fig. 1 shows the map details.

Despite all three states of south Brazil are well away
from the equator line, they present soils with tropical char-
acteristics, with thick residual soil layer showing intensive
weathering action. In this region, apart from sedimentary
soils, which are not the subject of this study, the more im-
portant units are formed by Latosols (Oxisols), Cambisols
and Red-Yellow Podzolic soils originated from several
geologic formations.

The main characteristics of Latosols from this region
are that, despite their high permeability (average of
10" cm/s, mainly due to their structures formed by micro-
aggregates - Davison Dias, 1987) they present a high per-
centage of clay size particles. They also show a deep and
relatively homogeneous B horizon with water table well
below from soil surface.

Cambisols and Red-Yellow Podzolic soils, which
tend to be developed in steep topographic areas, show some
similar geotechnical characteristics. Among them, they
present a deep C horizon containing low weathered miner-
als and high strength increasing with depth. They also show
deep water table and a significant variability of others
geotechnical properties as the matrix rock changes.

Lithologically, the studied areas are composed of ba-
saltic rocks (Serra Geral Formation), granites (Granite-
Gneiss Complex) and sedimentary rocks (Guabirotuba For-
mation).

3. Tests Procedures

Laboratory erodibility tests have been carried out
more frequently from the sixties on. They allow to analyse
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Figure 1 - Studied area Location.

the influence of the several states the soils experiment, such
as humidity during erosion is taking place, the rain drops
impact energy or water percolation (Chamecki & Silva,
2004).

Several papers on erodibility have been published,
among them, Moore and Masch (1962), the Inderbitzen
tests (Inderbitzen, 1961), pinhole test and crumb test (She-
rard et al., 1976a and 1976b), desegregation (Brazil, 1979;
Fonseca & Ferreira, 1981), the MCT erodibility criterion
(Nogami & Villibor, 1979) and the Modified Inderbitzen
criterion (Freire, 2001).

Due to the high variety of existing geotechnical tests,
only three different procedures have been chosen by this re-
search to evaluate the mechanisms influencing soils erosive
potential, as follows:

* MCT erodibility criterion (Nogami & Villibor,
1979);

* Erodibility criterion based on Modified Inderbitzen
tests (Freire, 2001) and;

 Erodibility criterion based on direct shear tests
(Bastos et al., 2002).

The paper searched for relationship between results
obtained by the three methodologies and also between
physical indices, such specific gravity, taking account sam-
ples of Cambisols, Latosols and Red-Yellow Podzolic soils
from South Brazil.

3.1. MCT erodibility criterion
(Nogami & Villibor, 1979)

Erodibility criterion using the MCT methodology, as
been proposed by Nogami & Villibor (1979) is essentially
empirical and is based on correlations with the behaviour of
a great number of tropical soils observed in roads cuts.

Nogami & Villibor (1995) stress the complexity of
erodibility due to the great number of factors involved and
because they are generally interdependent. According to
these authors, erodibility depends mainly on the following
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characteristics: grain size distribution, structure and ma-
cro-fabric, permeability, infiltration rate and cohesion.

According to the authors, the prediction of the behav-
iour of tropical soils against hydric erosion can be obtained
by infiltrability tests which determines the water absorption
index (s) and the specific erodibility (modified loss of mass
by immersion) which indicates the percentage of dry
weight loss in relation to the total weight of the sample (pi).

From results of these two tests, the relationship called
erodibility index (E = 52s/pi) is obtained, which establishes
the limit of the erodibility criterion, based on field observa-
tions. This way, soils presenting pi/s > 52 are considered of
high erodibility and soils showing pi/s < 52 are classified as
medium to low erodibility.

Despite the erodibility criterion proposed by Nogami
& Villibor (1979) has been used for decades and by differ-
ent studies, Pejon (1992) presented a criterion using as
boundary the value pi/s = 40 for some deep tropical soils
from southern Brazil. This condition is emphasized by this
paper for some tropical soils whose origin and formation
are similar to those studied by Pejon (1992), as for example,
Latosols.

3.2. Erodibility criterion by direct shear tests
(Bastos et al., 2002)

The methodology proposed by Bastos et al. (2002) is
based on considerations made by Nascimento and Castro
(1976). These authors consider that the most important pa-
rameters affecting the erosive processes of tropical soils
are: grain size distribution (for sandy soils), expansion and
petrification (the last one representing the ability of a
clayey soil to maintain its cohesion immediately after sub-
mersion). Therefore, Bastos et al. (2002), evaluate the po-
tential erodibility of tropical soils by the analysis of the
decrease in cohesion due to submersion of the soil samples
during the stage of consolidation in the direct shear tests.
According to the authors, a change in cohesion (Ac), given
by Eq. (1), of at least 85%, classify soils as potentially erod-
ible.

(Cnat B Cinu )

c

Ac= (1)

inu

where ¢, and ¢, are, respectively, the cohesion determined
by samples under natural water content and after submer-

sion.

3.3. Erodibility criterion based on modified inderbitzen
tests (Freire, 2001)

The erodibility criteria of soils presented so far, eval-
uate with efficiency the erosive effects by loss of solid par-
ticles and modification of soil structure due to submersion.
Nevertheless, these tests are not able to simulate the soil
particles desegregation due to the impact of rain drops and
superficial running water after intensive rains.
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The importance of rain drops impact in the erosive
processes can be observed directly by laboratory tests de-
veloped by Laws (1940), Ellison (1947a-e), Musgrave
(1947), Guerra & Cunha (1995) and Chamecki & Silva
(2004).

In this way, Freire (2001) presents the modified
Inderbitzen test which adds to the superficial running water
effect (Inderbitzen, 1961), the rain drops impact effect. In
the authors opinion, the latest one is considered to be the
most representative of all the three methodologies pre-
sented.

The test apparatus is mainly composed of an inclined
plane structure which serves as a bed to set up undisturbed
samples on it. In addition, there are two parallel lines of
“showering” made of perforated tubes which lies, on aver-
age, 0,20 m above the undisturbed samples.

The samples, with dimensions 10.16 cm x 10.16 cm x
2 cm, are submitted to showering at constant water flow for
a period of 2 h, under different humidity conditions.

Water and sediments are collected under the inclined
plane structure in a first recipient. Afterward, they are ori-
ented to a second recipient where sedimentation process
occurs. After the sediments are separated from water, it is
sieved to determine the grain size distribution of the eroded
soil.

Figure 2 presents the apparatus setup for infiltrability
tests, weight loss by immersion and modified Inderbitzen
tests.

Through field observations and laboratory tests, Hi-
gashi (2006) obtained a value of 6% loss of weight by water
dropping for residual samples that occur in some coastline

Loss of mass
by immersion

- ll """""""""" and infiltrability
. Capillary rise
- TR S tests
$$$%% o PR[S)HS’ d!s}s o Glass tUbe
/—‘—{—‘ Soil sample
Miniscus

(h=5cmD=5cm)

Soil sample
(h=5cmD=5cm)

regions of south Brazil. According to the author, this value
should be considered the limiting value defining the erosive
potential of soils. Despite this, studies involving this type of
tests are recent and there is no agreement among research-
ers about the criteria which define erosive potential of soils.
Some variations are expected for soils from different
places.

4. Soil Erodibility Evaluation

A laboratory test program was conducted to study the
erodibility of typical tropical soils, such as Latosols, Cam-
bisols and Red-Yellow Podzolic from southern Brazil by
several tests, as mentioned previously. The main geotech-
nical soil properties are presented in Table 1.

In this study, 898 samples were tested, from which,
380 specimens according to MCT methodology, 38 by
Inderbitzen Modified tests and 160 by Mohr-Coulomb fail-
ure envelope (with at least three specimens for each enve-
lope), carried out by direct shear test.

The same criterion was applied for collecting all sam-
ples, that is, three sun shining days after the last rain
stopped.

4.1. Erodibility evaluation by MCT criterion

It was observed from results obtained by MCT testing
procedures that there is a tendency towards a relationship,
between pedologic evolution and the erosive potential of
soils.

Figure 3 shows the relationship between pi and s for
Cambisols and Red-Yellow Podzolic soils, based on pa-

Modified
inderbitzen
test

Raindrops impact

Figure 2 - Apparatus setup for infiltrability tests, weight loss by immersion and modified Inderbitzen tests (Modified from Nogami &

Villibor, 1979 and Freire, 2001).
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Table 1 - Main geotechnical properties for soils such Latosols, Cambisols and Red-Yellow Podzolic soils from southern of Brazil.

Property Cambisols Red-Yellow Podzolic Latosols
Dusk Dark Red

Medium grain size distribution (%)"” Sand 48.51 36.43 6.52 48.83

Silt 42.39 23.21 29.73 19.62

Clay 9.10 40.36 63.75 31.55
Origin rock Granite Granite Basalt Sandstone
Horizon sampling C B/Cand C B B
Average specific gravity 2.67 2.77 2.83 2.74
Water content (%) 14.23-15.31 19.24-25.18 29.42-49.61 7.50-24.25
Optimum moisture content® (%) 10.5-32.7 13.7-35.4 32.3-36.9 10.9-16.5
Maximum dry density (kN/m3) 12.2-18.6 13.1-19.8 12.4-13.7 14-19.5
Natural cohesion (kPa) 8.1-104.1 22.3-74.1 17.4-57.0 8.0-54.0
Submerged cohesion (kPa) 36.5-0 17.5-6.4 6.3-37.9 2.5-17.5
Natural friction angle (degrees) 31.9-46.1 28.7-37.3 11.8-35.0 23.8-32.1
Submerged friction angle (degrees) 23.2-41.3 20.1-35.6 21.1-31.2 21.1-28.4
Average CBR? (%) 18 16 11 13

Notes: (1) With deflocculating agent; (2) Normal proctor energy.

rameters obtained by Nogami & Villibor (1979) and Pejon
(1992).

Soils with higher degree of weathering (Red-Yellow
Podzolic and mainly Latosols soils) showed lower values
of pi/s. This behaviour indicates a lower tendency to erodi-
bility, especially based on criterion of pi =52 s.

Despite this and the fact that the great majority of re-
sults obtained by Cambisols indicated a high erosive poten-
tial, most of the data obtained fell in between the interval
40 < pils <52. For these soil samples, the authors observed a
direct relationship between grain size distribution and ero-
sive potential. More erodible soils presented a higher con-
tent of sand particles size.

Despite the high depths of C horizon in Cambisols
soils of Southern Brazil, even the top part of these strata
presents a low degree of weathering. In many cases, a sig-

2.0
> C Horizon - Cambisol - Granite Pejon (1992) criterion
A\ B/C Horizon - Red-Yellow Podzolic - Granite ‘_ — = Nogami & Villibor (1979) criterion A
[ B Horizon - Latosol - Basalt
1.6 =
A x o pi=40s
& Low erodibility SRS o
= = K XX 2%
g 1.2 = <
g .
g 0.8
~
)
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0.0+
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Figure 3 - Water absorption index (s) vs. loss of mass by immer-
sion (pi).
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nificant number of samples collected from different places
presented a significant percentage of quartz, a mineral
known to be more resistant to weathering. This aspect en-
sures to these soils a higher percentage of sand in their com-
position, with an unstable structure, which by its turn may
trigger the process of erosion.

Based on the data studied, it seems clear that the
weight loss by immersion is the main parameter separating
the erodibility of soils samples. More important than the
water absorption index.

Nevertheless, Pejon and Silveira (2007) emphasize
that there is a relationship between specific gravity of parti-
cles (p,) in the range between 25.1 to 27 kN/m’ and high
erodibility index.

Based on data presented by Fig. 4 and comparing re-
sults with those obtained by the MCT criterion, it was ob-
served that soils with p, in between 25.31 to 26.69 kN/m’
show higher erodibility. This range was determined by a
statistical analysis.

4.2. Erodibility evaluation by direct shear tests

Fig. 5 shows the relationship between natural and
submerged cohesion, according to criterion presented by
Bastos ef al. (2002) and Bastos et al. (1998).

The behaviour of cohesion, under these two condi-
tions, is reflected on the desegregation of superficial parti-
cles, especially in less weathered soils, the Cambisols. As
already mentioned previously, though Cambisols and
Red-Yellow Podzolic soils do present a structure more sim-
ilar to that of the origin rock, these soils also present their
superficial strata with considerable quantities of quartz,
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On the Erosive Potential of Some Weathered Soils from Southern Brazil

250 , ,
: (] : < B Horizon - Oxisol Basalt
200 g gk O C Horizon - Cambisol Granite H
E: . Z : A B/C Horizon - Red-Yellow Podzolic Granite
= 3
@ S
. ! !
= ! O ! Nogami & Villibor (1979) criterion High
Q i : e ~._  erodibility
=) 5
B =
| ! o Pejon (1992) criterion N
] S A = ;
50 .\' \»\
>
A o Low erodibility
o o 'y o Col ¢ O 5 o
i i

0 T T T T T
24 25 26 27 28 29 30 31 32 33
Specific gravity of particles (kN/m3)

Figure 4 - Relationship between specific gravity, loss of mass by
immersion and water absorption index.

which due to this aspect turn them more vulnerable to ero-
sion. Even Cambisols, considered the most structured ones,
which present high natural cohesion, showed significant
decrease after being submerged. For these cases, in many
times the criterion proposed by Bastos et al. (2002), was
reached.

By the other hand, results obtained with samples col-
lected from B horizon, formed by basaltic and sandstones
Latosols, showed low erodibility. Despite structural insta-
bility, typical to these types of soils, originated from a
structure formed by strongly bonded clayey micro-aggre-
gates and weakly bonded micro-aggregates formed by
clay-bridges, the variation of cohesion intercept was con-
sidered low, especially when interpreted by criterion pro-
posed by Bastos et al. (2002).

Nevertheless, it was noticed that samples collected
from very weathered soil strata, like sandstones, showed
lower values of natural cohesion and higher cohesion drops
after submersion, compared to results obtained from very
weathered Latosols derived from basaltic rocks. This char-
acteristic is associated to the bigger amount of fine sand
particles present in the Latosol B horizon derived from the
sandstone. The fine sand fraction in this case, was above
40% in all samples, while in samples derived from basaltic
rocks this value was less than 25%.
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Figure 5 - Relationship between values of submerged and natural
cohesion.
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Related to variation in friction angles, one assume
that minor changes were due to new spatial arrangements of
particles after submersion and are not indicative of erosive
characteristics.

4.3. Erodibility evaluation by modified inderbitzen tests

Modified Inderbitzen tests were carried out on sam-
ples at natural water content and air dried for 72 h, as rec-
ommended by Freire (2001). Figure 6 shows the results.

The soil behaviour determined by this test, consid-
ered by Higashi (2006) the most representative method to
evaluate the erosive potential, confirms the results obtained
by other methodologies used in this research.

Besides the fact that the majority of the samples show
considerable weight loss, under a constant simulation of
dripping rain water, it was observed that for granitic Cam-
bisols samples the loss of solid particles was more signifi-
cant.

Though Latosols derived from basalt show structural
instability (Davison Dias, 1987), simulation under constant
dripping process on these samples has indicated a weight
loss considered low, compared to other soils studied. This
aspect emphasizes the necessity of some adjustment in the
criterion proposed by Higashi (2006). This author estab-
lishes as 6% the weight loss of solids as the limit between
low and high erodibility (Fig. 6).

Referring to grain size distribution of eroded soil,
though some samples did not present enough material for
the test, in order to comply with the standards, it was ob-
served a tendency for the curves, under different condi-
tions, to be somewhat parallel. This indicates that the
weight loss, during the tests, has occurred approximately
with the same intensity for the whole range of diameter par-
ticles, and for different soil types.

Figure 7 shows a comparison between grain size dis-
tribution for Red-Yellow Podzolic soils before Modified
Inderbitzen tests under conditions of natural water content
and for its respective eroded material. Figure 8 presents
this comparison for the same soil after being dried out for
72 h.

s 70 : ,
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Figure 6 - Weight loss of soils under different conditions of hu-
midity.
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Figure 7 - Comparison of grain size distribution for soil and re-
spective eroded material for Red-Yellow Podzolic soils under
Modified Inderbitzen tests - samples tested at natural water con-
tent.
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Figure 8 - Comparison of grain size distribution for soil and re-
spective eroded material for Red-Yellow Podzolic soils under
Modified Inderbitzen tests - samples tested after being dried for
72 h.

5. Conclusions

There is a great variety of tropical residual soils in
Brazil, which underwent intensive processes of weathering.
The most common ones in southern part are Latosols,
Cambisols and Red-Yellow Podzolic soils. Under present
climate conditions, these soils suffer a continuous weather-
ing, which results in structures in constant changes. There-
fore, due to the differences of weathering, from where
samples have been collected and the different types of par-
ent rocks, to establish a parameter defining the erodibility
of soils is a very complex task.

Nevertheless, the analysis of the erosive potential,
based on the methodologies applied and their respective
criteria, carried out in this research, showed high values of
erosive potential for Cambisols, especially when compared
to other soils studied. This aspect is still more significant
due to the high slopes in which these units are formed.

Furthermore, it was also observed that soils com-
posed of grain size fraction of fine sand, are more vulnera-
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ble to erosion, as for instance, the dusk and dark red Lato-
sols. It is important to emphasize that in the field, these soils
present their structures in the form of micro-aggregates, in
the range of fine sand particles, strongly bonded. Despite
this characteristic, the micro-aggregates also present weak
bonding, especially in the B horizon of Latosols derived
from sandstones.

Finally, it was also observed that methods applied to
differentiate soils of high and low erodibility presented co-
herent results by their classifications. All methods classi-
fied Cambisols as highly erodible, Latosols as less erodible
and an erodibility medium to high to the Red-Yellow
Podzolic soils. Besides, this work has shown also that sim-
ple indices, as specific gravity, can be successfully used to
evaluate tropical soil erodibility and thus aid the prevention
of erosion and the losses of its entails.
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