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SUMMARY: Slope instability with movement of materials is often correlated to environmental, 

geological, geotechnical and anthropic factors. In particular, pluviometric events of high intensity 

represent one of the main triggers to develop these processes. In this way, it is important to fully 

understand the relationship between the distribution and amount of rainfall and associated risks. This 

study examined a stabilized slope named “Morro do Boi”, located along the south road of the BR-101 

highway, km 140+700 m, in Santa Catarina (Brazil). The main objective is to analyze the condition of 

the slope, in terms of pore water pressure and displacement during an intense rainfall occurred in 

March and April, 2016. This event was characterized by two distinct days with 240 and 190 mm/day, 

approximately. Thus, the main difference between them was the initial condition. In the first one, 

7-days prior the event rainfall was of 34.6 mm, while in the second one it was about 94.8 mm. The 

second event caused translational landslides near the studied area. In order to understand the response 

of the slope during that time, three types of geotechnical field instruments were utilized: piezometers, 

tensiometers and inclinometers. The tensiometers installed at 1 and 2-meter depth indicated that the 

maximum loss of suction for the first type of rainfall occurred one day after the pluviometric event, 

while for the second one, it occurred at the day of the event. Both events reduced the suction to 

approximately 5 kPa. The piezometers data confirmed these results and they also presented a certain 

delay on the increase of pore water pressure in the first event of rainfall. The inclinometer showed 

minimal displacements before and after the pluviometric events, with values ranging from 0.5 mm and 

2 mm. These corroborate to the importance of the stabilization works in the slope. 
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1 INTRODUCTION 

Nowadays, Brazil has been more often affected 

by natural disasters that can cause economic, 

social and environmental damages. Slope failure 

is one of the main natural disasters with 

occurrence in most regions of the country. One of 

the main triggers to the occurrence of this process 

are the pluviometric events of high intensity. 

Studies have been performed with the intent to 

fully understand the relationship between the 

distribution and amount of rainfall and events of 

instability. As an example, some of these studies 

seek to determine the predictability of the 

occurrence of intense rainfall, analyze historical 

data from a certain location, promote the 

development of pluviometric boundaries, study 

the advance of the wetting front, among others.  

To quantify the volume of rainfall in a region, 

area or basin, instruments as pluviometers are 

commonly applied. In this study, a pluviometer 

located at “Morro do Boi” slope has been used to 

determine the volume of rainfall, in the region, 

since the past five years. 

According to Bustamante (2010), the main 

triggering factor to slope instability is the 

infiltration of water in the soil, especially 

rainwater. During a rainfall, it is known that the 

suction of the soil is reduced, but it is not 

necessarily cancelled. The suction, or negative 

pore pressure, of the soil, represents the apparent 

cohesion that exists between the particles when 

the soil is not saturated neither is totally dry. To 

completely cancel the negative pore pressure in 

the soil, the rainfall must have a long duration 

and its intensity needs to approximate to the 

saturated permeability coefficient of the soil in 

surface (CARDOSO & FUTAI, 2009). 

The instrument used to measure the negative 

pore pressure in the soil is the tensiometer, but 

the piezometer, which is used to measure the 

positive pore pressure, can also be applied. These 

instruments measure the pore water pressure in 

the soil in a certain depth, where the instrument is 

installed. Both instruments are applied in this 

work and are described subsequently. 

This work aims to analyze the condition of the 

“Morro do Boi” slope, considering measurements 

of pore water pressure and displacement during 

intense pluviometric events occurred in March 

and April, 2016. These events were characterized 

by two days with distinct volumes of rainfall of 

240 mm/day and 190 mm/day, approximately. 

 

 

2 STUDIED AREA CHARACTERIZATION 

The slope studied in this article is known as 

“Morro do Boi” and it is located in the 

km 140+700 m of the BR-101 highway, between 

the municipalities of Balneário Camboriú and 

Itapema, in the state of Santa Catarina, Brazil 

(Figure 1). 

 
Figure 1. Location of the studied area in the state of Santa Catarina – Brazil. 
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According to Acevedo (2013) & 

Pretto et al. (2014), the area is considered as an 

important connection among the southeast and 

the south regions of Brazil, with records of recent 

slope failures and intense pluviometric events that 

contribute to the development of these events. 

The slope instability in the study area leads to the 

accumulation of debris in the road with the 

interruption of the traffic. In November of 2008 

(Figure 2), it was recorded events of instability 

derived from the intense rainfall registered in the 

state. After this event, the slope was stabilized 

with a combined passive anchoring system and a 

metallic mesh. The stabilization system is also 

composed by a rigid containment structure, which 

confines the soil that did not presented large 

deformations (SESTREM, 2012).  

 

Figure 2. “Morro do Boi” slope failure in November 2008. 

The geology of “Morro do Boi” slope is 

composed of migmatites with ages of 2000 Ma 

and granite from the Nova Trento Intrusive Suite, 

595 Ma, aligned to NE-SW direction. In terms of 

unconsolidated sediments, the area is composed 

of colluvium/talus deposits with less than 2 m 

(Figure 3). The migmatites are structurally folded 

and with fine banding, when are not weathered 

the migmatites are mechanically resistant and 

present minimal fracturing. The Nova Trento 

Intrusive Suite, as the migmatites, when are not 

weathered are mechanically resistant with 

minimal fracturing. Both geological formations 

are affected by the presence of a shear zone with 

NE-SW direction. The “Morro do Boi” slope has 

specific characteristics that contribute to the 

occurrence of instability events, as the presence 

of fractures systems, colluvium/talus deposits and 

weathered body rocks (SESTREM, 2012). 

 

Figure 3. Schematic section of the “Morro do Boi” slope 

(FIORI, 2011 apud SESTREM, 2012). 

 

 

3 METHODOLOGY 

3.1 Pluviometric event 

 
Firstly, it is important to understand how the 

rainfall is distributed through the year and its 

impact on the geotechnical site. The location 

where “Morro do Boi” slope is situated has a 

seasoned rainfall fairly well defined. The rainiest 

months are February to April and September to 

November, with some few exceptions as 

presented at Figure 4. 

 

 

Figure 4. Monthly precipitation of “Morro do Boi” area. 

During the months of March and April of 
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2016, peaks of rainfall were responsible for 

critical landslides near to “Morro do Boi” 

contained structure. These pluviometric events, as 

showed at Figure 5, had a distinct behavior. 

Differently from the rest of the days of the 

months, they both were higher than the usual. 

Moreover, it can be remarked that on 25
th

 March 

2016 there was a more distributed precipitation in 

comparison to 13
th

 April 2016. 

 

 

Figure 5. Hourly precipitations during March and April 

2016. 

3.2  Instrumentation data 

 

The main difference between the two 

pluviometric events is the antecedent rainfall, and 

its effect will be described in sequence when 

correlated with the instrumentation data. From the 

instrumentation installed at “Morro do Boi”, it 

will be analyzed three piezometers series of data, 

five tensiometers and two inclinometers in order 

to define the behavior of the slope at the date of 

the events.  

 

3.2.1 Piezometer 

 

The piezometer is used in order to obtain the 

pore water pressure in the soil. These 

measurements are important once they show how 

the process of infiltration is occurring and how 

the soil is reacting to it. Piezometers can actually 

measure the internal forces provoked by the 

presence of water. 

As describe by Sestrem (2012) and 

Acevedo (2013), the piezometer of “Morro do 

Boi” is a vibrant wire kind which is known for 

the better accuracy of the results and a higher 

reliability. The depths of the instruments are 

between 3.9 and 8.65-meters. Their capacity of 

reading goes from 100 kPa to 350 kPa. 

 

3.2.2 Tensiometer 

 

Tensiometers are instruments that can 

provide information about the suction in the 

soil. There is a correlation of concepts between 

suction and pore pressure once the first one is 

also known as negative pore pressure. In other 

words, suction is the representation of the 

internal forces between the soil particles 

provoked by the lack of water to saturate the 

soil. Therefore, the results found with 

piezometers and tensiometers are normally 

corresponding. 

In this study, five tensiometers were analyzed 

in order to understand the behavior of the 

suction in the slope. The tensiometers are 

installed from 0.5 to 2 meters depth, with a 

range of reading from 0 to 100 kPa. The data is 

received in mA (from 4 to 20 mA) and 

converted to kPa through correlations suggested 

by the manufacture (SESTREM, 2012). 

 

3.2.3 Inclinometer 

 

The main objective of an inclinometer is to 

register the horizontal displacements. According 

to Sestrem (2012), the inclinometer used on 

“Morro do Boi” has, approximately, 13 m depth 

and 100 mm diameter. This data is collected 

manually once a month. 

 

 

4 RESULTS 

The results acquired by the piezometers are 

shown in Figure 6. In the first pluviometric event 

of 240 mm approximately (25
th

 March 2016), 

with 34.6 mm precedent rain, the pore water 

pressure increases only in the posterior date after 

the extreme rainfall registered. On the other hand, 

the increase of pore water pressure, when there is 

precedent rain of about 94.8 mm, approximately, 
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7 days before the extreme event of 190 mm, 

occurs on the day of this event (13
th

 April 2016). 

 

 

Figure 6. Pore water pressure variation during March and 

April 2016. 

The comparison between both events of 

extreme rainfall indicates the existence of a delay 

over the increase of pore water pressure when 

there is a small amount of antecedent rain. In the 

case studied, an accumulated antecedent rain of 

94.8 mm during seven days was enough to induce 

the increase of pore pressure throughout the 

course of the rainy day, in opposition to the first 

case where there was only 34.6 mm in 7 days 

before the heavy rain peak. 

After the events studied in this work, the 

values of pore water pressure in the depths of 

8.65 m, 6.40 m and 3.90 m increased 

approximately to 4 kPa, -3 kPa and 3 kPa, 

respectively. 

The suction values from the tensiometers 

installed both on the upper and lower parts of the 

slope corroborate with the idea of the interference 

of high antecedent rainfall in the soil stability. In 

Figure 7 it is showed a decrease of suction, with 

formation of water column registered on 2-meters 

depth. 

In Figure 8 it can be noted a special behavior 

of the data from the tensiometer installed at 

0.5-meter depth. The possible explanation is a 

higher sensitivity to suction variation in the 

surface of the soil due to the processes of 

moistening and drying according to the 

infiltration of the water. 

The suction values registered, after the two 

events studied, decreased for tensiometers 

TENS-01 and TENS-02 to 0 - 1 kPa and 

to -3 kPa, respectively. For tensiometers 

TENS-05 and TENS-06 the decrease of suction 

was of about to 3 kPa and 1 kPa, respectively.  

The major reduction of suction in the soil 

caused by the occurrence of intense rainfall was 

of about 5 kPa, after or at the same time of the 

events. 

 

 

Figure 7. Suction variation during March and April 2016 in 

the upper region of the slope. 

 



FMGM 2018  

 

Figure 8. Suction variation during March and April 2016 in 

the lower region of the slope. 

 

Finally, the stability of “Morro do Boi” slope 

can be analyzed through the inclinometer 

installed below the containment structure. 

Figures 9 and 10 show the variation of horizontal 

displacement (in mm) registered few months 

before the pluviometric events, included the 

months of the rainfalls analyzed. Figure 9 shows 

the longitudinal direction and Figure 10 shows 

the transversal direction considering the highway 

lane. 

The horizontal displacements are around 

0.5 mm to 2 mm in the surface. Considering the 

amount of time needed for the movement to 

occur, it can be inferred that it is negligible. 

Considering the extreme rainfalls which 

caused the occurrence of landslides near the 

contained slope, studied in this work, and 

analyzing the instrumentation data, mainly the 

measurements of horizontal displacement, it can 

be determined that the slope was not affected by 

these events, which corroborates the importance 

of the stabilization works in the slope. 

 

 
Figure 9. Horizontal displacement variation in longitudinal 

direction. 

 
Figure 10. Horizontal displacement variation in transversal 

direction. 
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5 CONCLUSION 

Two different pluviometric events with daily 

rainfall around 200 mm were compared in order 

to define the variation of pore water pressure 

along the depth of the soil below a contained 

structure in a slope named as “Morro do Boi”. 

The difference between the events is the 

antecedent rainfall that occurred before each one. 

While in the first one the increase of pore water 

pressure happens in the very next day of the 

event, when it is preceded by 94.8 mm in 7-days, 

the rise of pore water pressure occurs in the day 

of maximum rain. 

This result corroborates to the idea that a 

pluviometric event of long duration needs to be 

monitored closely in order to observe the 

decrease of suction, consequently the reduction of 

resistance of the slope. Although, there is a slight 

difference between the values measured by the 

piezometers and tensiometers comparing both 

events. 

Moreover, the variation of pore pressure must 

be analyzed along with horizontal displacements 

in order to identify the existence of effects on the 

slope stability. The field measurements obtained 

in the location with the presence of a geotechnical 

structure demonstrates a well succeeded 

contained slope. 
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